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PREFACE 


For  many  years  those  responsible  for  teaching  small  engine  repair  have  ffelt  a  need, 
for  instructional  materials  to  use  in  this  area.  A  team  of  teachers,  industry.representatiVQS, 
and  trade  and  industrial  education  staff  rnembers  accepted  this  challenge  and  have  produced 
manuals  which  will  meet'the  needs  ,of  many  types  of  courses  where  students  ar'e  expected 
to  become  proficient  in  the*cirea  of  small  engine  repair.  The  IVl^VCC  Cpmprehensiv^  Small 
Engine  f^epair  publication  is  ^designed  to  include  the  basic  inforn^atioh  need^  to  be  able 
to  repair  all  two  and  four  stroke  cycle  engines. 

To  InAre  that  the. student  is  able  to  perform  the 'Skills  of  a  proficient  small  engine 
mechanic,  fiye  supplements  have  or  are  being' prepared  to  accompany  this  publication. 
Motorcycle  Repair,  Snowmobile  Repair,  Outboard  Rjepair,  Chainsaw  Repair,  and  Lawn 
arid  Garden  Equipment  Repair  should  Assist  the  learner  ir^  acoomplishfng  the  tasks  of  th^ 
small  engine  mechacitc,  even  -though  they  do  not  deai  directly  with  the  ei^gine.  Use  of 
Comprehensive  Small-  Engine  Repair  and  any  one  of  the  supplements  should  lead  toward 
the  total  repair  of  any  one  of  these  areas.  ^  ^ 

Every  effort  has  been  made  to'make  this  publication  *basic,  readable  and  by  all  means 
usable.  Three"  vital  parts  of '  instruction  have  been  int^tionally  omitted  from  this 
publication:  motivation,  personalization,  and  localization.  These  afeas.are  left  to  the 
individual  irvstructo/s  and  the  instructors  should  capitalize  on  them.  Only  then  will^  this 
publication  really  become  a  vital  patt  of  the  teaching-learning  process. 


Ann  Benson 
Executive  Director 
Mid-America  Vocational 

Curriculum  Consortium,  Inc. 
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:  FOREWORD 

•     .  ;    .  -  .     •  . 

'     '         '  . 

^  The  Mid-America  Vocational  Curriculpm  Consortium  (MAVCC)  was  organized  for  the 
purpose  of  developing  instructional,  material,  for  the  twelve  member  states.  Priorltes  for 
developing  l9lAVCC;materi|l  are  yeterrrrined  arinually  based  on  the  peeds  as  identified 
by  all  member  stated.  One  ofthe^irst  priorities  identified  was  compreKensive  small  engine 
repair  •This  publication  is  a  p^Vt  of  a  project  designed  to  provide  the  needed  instructional 
material  fqr  Smaij^  engine  repair^  programs.  ^       *  ^  • 

The  success  of  this  publication  is  due,  in  large  pari,  to  the  capabilities  of  the  personnel 
who  worked  with  its  development.  The  technical  writers  have  nun^rous  years  of  industry 
as  well  as  teaching  experience.  Assisting  them  in  their  efforts  were -representatives  each 
of  tf^e'jnember  states  who  brought  with  them  technical  expertise  and  the  experience  related 
to  the  classroom  and  to  the  trade.  To  .assure  that  the  materials  would  parallel  the  industry 
environment  and  be  accepted  as  a  transportab'ie  basic  teaching  tool,  organizations  and 
industfYi  rBpresehtives  were  invoive^d  in  the*  developmental  phases  of  the  manual. 
Appreciation  is  extended  to  them  for  their  valuaWe  contributions,,4^he  manual. 

—  This  publication  is  designed  to  assist  teachers  i^  improving  instruction.  As.  these, 
publications  are  used,  it  is  hoped  that  the  student  performance  will  improve  *^d  that 
students  will  be  better  able  to  assume  a  role  in  their  chosen  occupation,  small  engine 
repair.' 

Instructional  mat&rials  in  this  publication  are  written  in  terms  of  studentt)erformance 
using  rneasurabie  objectives.  This  is  an  innovative  approach  to, teaching  that  accents  and 
augments  the  teaching/learning  process.  Criterion  referenced  evaluation  instruments  are 
provided  for  uniform 'measurement  of  student  progress.  In  addition  to  evaluating  recall 
information,  teachers  are  encouraged  to  evaluate  the  other^  areas  including  process  and 
>product  as  indicated  at  the  end  of  each  irrstructional  unit 


It  IS  the  sincere  belief  .of  the  MAVCp  personnel  and  all  those  rrjembers  who  served 
on  the  committees  that  this  publication  will  allow  the  students  to  become  better  prepar^ 
and  more  effective  members  of  the  wdrk  force. 


/4  ^  i  Don  Eshelby,  .Chairman 

Board  of  Directprs 

•  Mid-America  Vocational 

*  Curriculum  Consortium 
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Instructional  Units 


USE  OF  THIS  PUBLICATION 


I- 


r 


(■ 


The  Comprehemive  ^Small  Engine  Repair  curriculuip  includes  four  preas.  Each  area 
consists  of  one  or  more  units  o+ Instruction.  Each  instructional  unit  includes  some  or 
all  of  the  basic  components  of  a  unit  of  iQStruction:  performance  objectives,  suggested 
activities  for'teaclier  and  students,  information  sTfeets,  assignment  sheets,  job  sheets,  visual 
aids,  tejts,  ahd^  answers  to  the  test.  Units  are^planned  formpre  than  ^ne  lesson  pr  class 
period  of  instruction.  ^   ,  .  • 


Careful  study  of  each  instructional  unit  by  the  teacher  will  h^lp  to  determine: 


A. 


D. 


•The  amount  of  material  that  can  b.e  covered  in  each^ class  period. 
The  skills  which  must  be  d^monstr^ed. 

1.  Supplies  ne^ed 

2.  Equipment  n^eeded       ,  '        •  , 

3.  Amount  of  practice  needed  ^ 

«4.       Amount  of  class  time  needed  for  demonstrations  ♦ 
Supplementary  materials  such' as  pamphlets  and  filmstrips  that  must  be  ordered 
Resource  people  that  must  be  contacted.  , 


Objectives  -  ' 

Each  unit  of  instruction  is  bafed  on  performance  objectives.  These  objectives  state, 
the  goals  of  the  course  "thus  providing  a  sense  of  direction  and  accomplishment  for  the 
student.  *  ,  »       •  ' 

Performance  objectives  are  stated  iti  two  forms:  unit  objectives,  stating  the  subject 
matter  to  be  covered  in  a  unit  of  instnuction  and  specific  objectives,  stating  the  student 
performance  necessary  to  reach  the  dnit  objective, 
i 

Since  the  objectives  of  the  unit  provide  direction  for ^e  teaching-learning  process,  - 
it  IS  important  for  the  teacher  and  students  to  have  a  common  understa>idtng  of  the  mtent 
of  the  objectives.  A  limited  number  of 'performance  terms  have  been  used  in  the  objectives 
for  this*  curriculum  to  assist  in  promoting  the  effectiveness  of  the^  communication  among 
all  individuals  using  the  nrraterials.  ^  ^ —  "  >  * 

following  is  a  list  of  performance  terms  and  their  syn9nyms  which  may  have  been 
Nused  in  this  material:  ^  ^  -  . 


Name 
Label 
-l:i(St  in  writing 
Li^t  orally 
Letter 
Record 
Repeat 
Give 

r 


Identify 

Select 

Mark 

Point  out 
Pick  out 
Choose 
Locate 


Describe  * 
Define 

Discuss^  in  writing 

Discuss,  orally  * 

Interpret 

Tell  hoyv 

Tell  what 

Explain 
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Order  • 
Arrange 
Sequence 
List  in  order 
Classify 
Divide 
Jsolate 
Sort  « 


Distinguish 
DiscrirnfiWte 


Construct 
Draw 
Make 
,Build 
Design 
Formulate 
Reproduce 
Transcribe 
Reduce  ^ 
Increase 
figure 
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Bennonstrate  '  , 

Show  v^our*  work 

Show  procedure 

Perform  an  experiment 

Perform  the  steps 

Operate 

Remove' 

Replace* 

lux^  off/on 

(Dis)  a'ssemble  ' 

(Dis)  connect 


Addftional  Terms  Used 

Evaluate 

Complete 

Analyze 

Calculate  . 

Estimate 

Plan 

Observe  ^ 
'Cojnpare 
Determine  . 
Perform  ^  '  , 


Prepare  -* 

Make  * 

Read 

Tell 

Teach 

Converse 

Lead 

State 

Write  ' 


Reading  of  the  objectives  by^-the  student  should  be  followed  by  a  class  dist^ssionf 
to  answer  any  questions  concerning  performance  regiiirements  for  each  instructional  unit. 

Teachers  should  feekfree  to  add  objectives  which  will  fit  the  material  to  the  neec^ 
of  the  students  and  community.  When  teachers  add  objectives,  they  should  remember, 
to  supply  the  needed  information,  assignnnenX  and/or  job  sheets,  and  criterion  -tests. 


Suggested  Activities 


Each  unit  of  instruction  has  a  suggested  activities- sheet- outlining  steps  to  follow 
in  accomplishing  specific  objectives.  The  activities  are  listed  according  to  whether  th«y 
are  the  responsibility  of  the  'instructor  or  the  student*. 

Instructor:  Duties  of  the  instructor  wilF  vary  according  to  tha^rticu-lar  unit;  however, 
for  bert  use  of  the  material  they  should  inolude  the  following*  f)!t>vide  students  with 
objective  sheet!  informatic3^  sheet,  assignment  sheets,  and  job  -Sheets;  previevy 
'filmjtrips,  make  trarisparencies,  and.  arrange  for  resource  materials  and  people;  discuss* 
uniy^imd  specific  objectives  and*information"sheet;  give  test.  Teachers  are  encouraged 
to  use  aiHy  additional  instructional  activities  and  teaching  methods  to'  aid  students 
in  accomplishir^  the  objectives.  '  •      ^  • 

Students.  | Student  activities  areiltsted  wh.ich  will  help  th'e  student  to  achieve*  the 
objecti\(es  for  the  unit.  • 

-   /   .  •    10  ■  ^  • 


XII 


Information  $heets  *       ♦  , 

InHbrmation  sheets  provide 'content  •essejntial  fer  m'eeting  the  cognitive  (knoVvledge) 
objectives  of  the  unit!  The  t-aacher  will  find  that  info,rmation  sheets  serve  as  an  .excellent 
guide  for  presenting  the^background  knowledge  necessary  to  develop  thV  skills  specified  ' 
in  the  unit  objective        /  '  ^  ' 

♦  s 

I 

Students  Should  read  the  information  sheets  before  the  information  is  discussed  in 
class.  Students  may  .take  Additional  notes  on  the  information  sheets    .  •    ^  , 

Transparency  Masters  ,  ^  ^  ^  - 

-  ^  ,  '  * 

Transparency  masters  provide  information  m,  a  special  way.  The  students  may  see 
•as  well  as  hear  the  maten^al  being,  presented,  thus  reinforcing  the  learning  process. 
Transparencies  may  present  new  information  or  they  may  reinforce  information  presented 
in  the  information  sfieets.  They  are  particularly  effective  when  icfentification  is  necessary. 

Transparencies  should  b^  made  and  placed  in  the  notebook  where  ttie\i  will  be 
immediately  available  for  use  Transparencies  direct  the  class's  attentibn  to, the  topic  of 
discussion*  They  should  be  left  on  the  screen  only  when  topics  shown  are  under  discussion. 

Job  Sheets  '  '      ^  ;  ' 

—  —  •  •  «  »  , 

'  Job  sheets  are  an'*important  segment  of  each  iwiit.  The  rnstructc|:  should  be  able, 
to  and  in  most  situations  should  demonstrate  the  skills  outlined  tn^he  job  sheets. 
Procedi/res  outlined  in  the  job  sheets  give  direction  to  the  skHI  be^ng  taught  and  allow 
both  §^tudentv  ahd  teacher  to  t:heck  student  progress  toward  tFie  accomplishment  of  the 
skill  Job  sheets  provide  a  ready  outline  for  students  to 'follow  nf  they  have  massed  a 
demonstration  Job  sheets  also  fuhnish  potential  employers  with  a  picture  of  the  skills 
being  taught  and  the  performances 'which  might  reasonably  be  expected  fronn  a  person* 
who  has  had  this  training     '  '      /         '  v  ,  '      ^  * 

Assignment  Sheets  "     '  %^  -         ■  • 

'Assignment  sheets  give  direction  to  study  and  furnish  practice  for  paper^and  pencil' 
activities  to  develbp  the  knowledges  which  are  necessary  prerequisites  to^kill  development 
These  may  be  g^en  tc^  the 'student  for  completion  in  class  or  used  for  homework 
assignmef^ts  Answer  sheets  are  prdVided  \A^hich  may  be  used  by  the  student  and/or  teacher'"" 
for  checking  student  process    *  *  • 

Test  and  Evaluation  t  - 

Paper  pencil  and  performance  tests  have  been  constructed  to  measure  student' 
achievement  of  eac"h  objectrve  listed  in  the  unit  of  insti:uctK)n. -Individual  test  ite*ms  may 
be  pulled  out  and  used  as  a  short  test  to  determine  student  achievement  of  a. particular 
objective  This  kind  of  testing  may  be  usecT as  a  drfily  quiz  and  vvill  help  the  teacher 
spot  dlfficu^tles  being  encountered  ,by  students  m  their  efforts  to  accomplish  the  untt 
objective.  iTest  items  for  objectives  ad^ed  by  the  teacher  stv)uld  be  constructed  and  added 
to  the  test  »  '' 

Test  ^Answers  * 

Test*  ansvvers  ai;e  prc^vided  for, each  einit.  These-nnay.be  used  by  the  teller  and/or 
student  for  checkihq  student  achievement  of  the  objectives 
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INS'TRLfCTlbNAL-rANALYSIS  ^ 


\ 


JOB  TRAINfNG^  What  ,the  ,y 
Worker  Should  Be  Able  to*^  Dt>' 
(Psychorpotor)  .  ► 


A  \  RELATED  INFORMATION:  What 
I"  the.  Worker  Should-  Know 


""^Po^itivje) 


SECTION  A--'UNIT  I:  OCCUPATIONAL  INTRODUCTION 


UNIT  II-  8A^TY 


1.       Ofccijpational  outlook^ 

^.J.  *Areas  of  employment''  . 

3.  ^  Career  opportunities   -  • 

4.  'St^ps  involved  in 'shop*  vviork' 

.i.       Safety  color  code. 


2.       Step^  for  maintaining  a 
saf^,  orderly -shop 

c       •  > 
Classes  of  fires.  Z 


.3 
4 


UNIT  111:  TOOL^ 


5. 

1/ 
2. 


3. 


Types  of-  fire  extinguishers 
Shop  safety  practices 

Basrc  hand'  tools. 
Overhaul  tools 
Tool  maintenance 


4.  Grind  a  flat  tip  screwdriver 

5.  *  Grind  a  chisel  or  punch  head 
6/  ''^  Sharpen  a  chisel 

r 

7.       Use, thread  repair  kit 
^.       Check  tofque  wrench 
^  9.  -     Replace  a  hammer  Jjilidte  ^ 


ERIC  7 
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1^ 


3/ 

5;. 


JOB.  TRAINING,:  What  the 
Worker,  Should  Be-  Able  to 
'  ■  ( Psych  omotof)  ■ 


RELATED  ■  INFORMATION,:'  Whar 
the  Worker  Should  Know 
■(Cognitive) 

NIT  IV:.  MEASUfTiNG 

1 ^  Measuring  instrumerfts 
Z.      -Units  of  pleasure'^-  • 
CJse  a  vernier  caliper  ^  -      *  * 

Use  a  plain  micrometer 
Use  a  diaf  indicator 

SECTION  ^B-U1M IT' I:  ^NGINE  IDENTI FICATIOJM  •  AND  INSPECTION        /  .' 

X>.  ^    Two  and  four' cycle  engines 
^     -  2.  .     [Mameplates  ; 

3.       Operator  s  instructions 
,  '    .         «        ^  4.      '  Cranlj;shaft  positions ' 

UNIT  II:  BASIC  ENGINE  PmNCIPLES  AND  DE$IGN 

'1.  Energy 


■    •  ■     •       '2.  Motion        ^  ' ' 

^  Simple  machines  ^ 

.     *        ^  4.  •  Formulas  foV  work, 

'     "  horsepower,  affd  torque^ 

'  -     ,     5.^  Hecit  engmes 

6.  'Eng4ne  design^  ^' 

'       ^  .        ,     .   /       jj        '     1.  Engirta  cooling 

UNIT  ril.\PRINCIPLfe  OF  OPERATIOfSi:  -  FOJJR-STROKE  CY.CL6, 

1.  Engine  components    ^  -* 

2.  ,  Operation 

'    ^^1^  .   ^  3.  Multi-cylinc^er  engines 

*  '  4.  Camshafts 

-     '  . 

.  ,  -  '     •  '  5.  .  Valve  timi-^.g  and  overlap 

' «  •  I- 

4  ^      ^  ,         I .  ,        6%  Valve  Brrangments 
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t 


JOB  TRAINING:  What  the  •  RELATED  INFORMATION:  What 

Worker  Should  Be  Able  to  Do  *  ♦  the  Worker  Should  Know 

(Psychomotor)  *  ^         ^  (Qognijive). 


/.jJNIT  IV;  .PRINCIPUES  OF  OPERATION  - ;Tio"§TROKE\^^^  ' ^ 

,  -1./      Two-strok€  cycle  engine 

\ 

*  *  2'       Engine  operation 

*  •    .           .  *   Valves  \^ 
^*  '                              4.  fiming' 

■  ■    •  i  ■  ' 

5;     ^ Cross  arid  Tdop  scavenging 
-*  •  '  .6.       Two-stToke  features 

^  '  *         ^  7.'       Exhaust  system  design  ' 

SECTION  C-UNIT  1:  BASIC  ELECTRICITY 

1.  *     Sburces  ^ 

*  *  ^ 

2.  Basia  circuits 

3.  .  Conductors 

4.  AC  and  DC  current 

5.  •      Units  of  measure 

6.  Schematic  symboiis^^ 

7.  Ohm's  law 

8.  ^  Series  dircuit  rules 

.     •   •  •  •  '  .9f 

k  9.       Parallel  circuit  rules  - 


10.  Magnetism 

11**     Induced^  voltage 
k 

12.  >  instruments   •  y 

13.  Problen^  solving 


XVII 


JOB  TRAINING:  What  the 
Worker  Should  Qe  Able^  to'  Do , 


RELATED  INFORMATION:  What 
thp, Worker  Should  Kpov*  •. 
• '.\-*"feDgntffv^^  -  ■\ 


8. 

9. 
10. 
11. 


9 
9. 

10. 

11. 


I 


UNIT  Ih  IGNITIO.N  SYSTEMS 


2. 
3. 

4. 
5. 
6. 


Rerrtove,  service  and  replace 
spark  plugs  -  • 

Rerhove  and  replace  contact 
points  and  cooderiser 

Test  the  coH,  condensers- 
armature  and  flywheel  magnets 

Test  and  adjust  a  solid  state 
ignition  system 


Check  ignition  timing*  ^ 

•    '     .  UNIT  III'  CHARGING  S 


EMS 


1. 

2. 
3. 
4. 
5. 
6. 
7. 


Remove  and  repine  a  generator 


Disassemble,  check,  and  reassemble 
a  generator 

Remove. and  replace  an  afternator 

Disassemble,  check,  and  reassemble" 
an  alternator  • 


Types 
Purpose 

Components  -  primary 
and  secondary  circuits 

Magneto  system  • 

Solid  state  system 

Breakerless  system 


Kinds 

Components 
Operating  stages 
Current  flow. 
AC-DC  conversion' 
Generator*  regulators 
Reverse  polari^ 


DilaijrtT" 


/ 
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JOB  TRAINI:NG:  Whal  the  m 
Worker  Should  Be  Able  to  Do 
*  (F*syfchomotor) 


RtLATED  INFORMATION:  Whaf 
the  Worfcer  Should  Know  * 
(Cognitive)  ,  , 


lUNW  IV:  STARTING  SYSTEMS  / 


6. 


7» 


5. 


4. 
5. 

6. 
7. 

a 

9v 


1. 

2. 
3. 
'4. 

5: 


■  Types 

r 

Components  * 
DC  wound  field  starters 
Starter  generators* 
Starter  drives 


Remove,  disassemble,  test,  service, 
«Cld'Veassemble  a  startfeVc^ 

Replace  a  starter?^ rewtnd^spnng 

SECTION  D-UINriT  I'^LUBR  ICATION  SYSTEMS  ' 

Purposes 


1 


Change  engine  oil  and  filter 


3. 
'4, 


Service  crankcase  breather 
"    ^         '        UNIT'  II 


COOLING'  SYSTEMS 
...  -T 


2. 


3.       .Remove,  clean,  and 'replace  air 
^  cooling  parts  .  ^ 

P/€SSL|re  test  4l^e  cooling  system 


Remove,  check,  and  replace  a 
thermostat 

Remove  and  replace  ^  water  pump 

s  ■     ■       .  :  ■ 

'Remove  and  replace  a  radiator 
Remove,  inspect  and  replace  V-belts 
Test  antifreeze  solution 


Types 

Engine  oil 

Oil  characteristics 


Functigns 
Components 


V 
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< 


■^OB  TRAINING:  Wha^.  the 
Worker  Should  Be  At^le  to  Do 


RELATED  INFORMATION:  What 
the  Worker  Should  Know 


6. 

7. 
-  & 

9 
10 
1 1. 


■4. 


-  6, 
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•  ^1.  :.UUv4*.J^^».;^;.>.^.  (Cognitive^ 
UNIT  llh  fIiEL  systems         .  . 

•   »  ^.  Purpose 


2. 
3. 

4. 
.5. 


T>pes 

Components 
Fuel  pumps 
Air  cleaners 


Service  an  aiP  pleaner  ^ 


Remove  and  replace  a  carburetor 
Service  a  f\ark  type  carburetor 
Remove  ^hfj  replace  a  fuel  punrvp 
Test  and- service  a  fuel  pump' 


< 


Servfcce  sediment  bowf  fuel  strainer 

UNIT  IV:  GOVERNOR  SYSTEMS 

.  •  "  '  1- 

i  .  2. 

3, 

Inspect,  adjust,  and  repair  an 
vane*  governor  ' 

Inspect  and  adjust  external 
components  of  a  mechanical 
governor  with  irr^ernal  flyweights. 

Repair  internal  components  of.  a  ' 
mechanical  governor  with  internal 
flyVveights 

Inspect,  adjust,  and.  repair  a 
centrifugal  governor  with  ^external 
'governor  ynit  • 

.It 


Purposes 
Types 

Components 
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JOB.  TRAINING:  What  4he  ' 
Worker  Should  Be  Able  to^Do 
-(PsychomotoV) 


RELATBD  INFORMATION:  What 
the  Worker  Should  Know 
(Cagniti^e) 


5. 


4. 


.  •  UNIT  V:  EXHAUST  SYSTEMS* 

;     ■  '  *        ■■  ^• 

.'2.  , 
3.- 

,Rerrtov^,  service, -and  replace  two 
*cycle  exha'bst^  sy^eni  components  ' 

■•  •      •        '   .    UNIT  VI:  TROUBLESHOOTING 

-■  '  .1. 

.  .  . '  .  2.  ■ 

.  ■  .  '  '  3. 

I 

Troubleshoot  an  engine 


Purposes '  ^  ' 

« 

Results  of  defective  systerrv 

S^ection 

Dangers 


-Engme  requirements 
Procedures 
Importance 


•UNIT  VI1: -OVERHAUL  FOUR-STROKE  CYCLE  ENGINE 


4  ? 


1.  ^  Causes  of  ePigine  problems 
Pistcjp.  jfind  connecting  rods 
Crankshaft  assembly 
Valve  assembly 


2. 
3. 
4. 


5.      f)isassemble  a  four  stroke  cycle 
,  engine  • 

6/'   Jnspec^  and  service  a^cyljnde'r 


7. 

V  10. 


I'nspect  and  service  the  pistoo, 
(rmgs,  aacl  connectmg  rod 

Inspect  and  seryice.  crankshaft  - 
assembly  t       '  - 

"Service  mu ft i-piece  crankshaft 
asserpbly  * 

^eass^mble  a  four-stroka  cycle  engine 


J 


JOB  TRAINING   What  the 
Worker- ShcuikJ  Be  Able  to  Do 


(Psychomotor.) 


-  RELATED  INFORMATION: 'What 
the  Worl<er  Should  Know 

.  jCogn»tive)        ...  \.., 

UNIT  V.ill  -bvER.HAUL^WO -^STROKE  CYCLE  ENGINE  '      '  ' 

*  ♦ 

I  ^      .    ,  ^  1,       Causes  of  engine  problenfs 

.      '  ^  -2.       Connecting  rod  and  piston 


4.^  /  Disasaemble,  lnspe^^t,  and  sen/ice  ^j.--' 

^  two  strSke  cycle  engine         ^    *\  . 

5  Servjce  a  multt  piece  crankshaft  ; 

6  Reasst^mble. a*  two*strol<e  cycle,  engine 


Crankshafts 

■'r 


r' 


> 


i 
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TOOLS 


.(NOTE;.  These-are.  the  Wcammended  tools  an 
•f^Tred.lto  '^^.Bse  instru^nal  fnat^^i^s.) 


'Hand  Tool  Assortment: 
^     '  Ball-peen  hamnner'  -  ope  poLTnd 
,Slip^  joint  "pliers^ 
Screwdrivers  ^ 
4"  standard 
1  jy2"  standard  ^ 
8"  standard 

•  6".  standard 
Adjustable  wrench 

Phillips  screwdrivers  * 
 g..  ^ 

1  1/2" 

S/S'"  drive  /eversibie  ratchet, 
3/8"  ^rive  "^standard-,  socl^J  set 
V  1/4"  drive  reversi^^le  Vatchet  • 
1/4"  drivve  standard  socket  set 
3/8"  drive  extension  bar  -"3  in, 
3/8"  drive  extension  bar     7  1/2  in. 
Starter  punch 

Cold  ctjisel  '  / 

.Combination  wrench       7/16  to  ,7/8  ir 
,  Universal  joint  '  .  - 

'N.^Op^n'  epd  wrench  .set  -  metric'     i  ■ 
3/8  drive  socket -set  -  metric 
Safety,  glasses 

Other  Tools. and  Equipment: 

Combination  wrench  se^  -  metric 
Vernier  caliper 

Dram  pan  ,  .  •, 

*  Hex  key  set 

Insi'de  micrometer.  ^ 

*  Ou'tSide- micrometer  ,  ^ 
Q\a\  indicator 
End  v^enches, 
•Imp'act  screwdriver  set  ' 
Snap  ring  pliers 
T-handle  box  wrench,  16'  mm 
Arbor  press  or  bench  vise 
Feeler  gauge  * 
Flat  "surface  plate 
Machinist's  steel  rule 
Calipers                  >            .  .* 
Surface  block 

^  Case  divider  tool 
^  Impact  driver 
Ring  compressor 

\ 


d  equipment  aecegsary  Jo  cptpplete  J^e  job* 

3/8"  drive  phillips  screwdriver  so 
Soft  face  hamrrter 
Tape  measure 
'  '   Cleaning  pan 

Cleaning  brush  *' 
Grease  pag 
Hot  plate 

Thermomelt  sticky 
Plastic  hammer 
Parts  washing-pan 
Pin  wrench 
Propane  torch 
Seal  driver  set. 

Meter/kilogram  torque  wrench-  . 
'    Soft  ckift  / 
Nipif^le  wrench 
Bushing  driver  set  ' 
'    B[ass  drjft  . 

Pry  bar  -       '    -      ,  ' 

PHers  ,  , ,   .  ' 

Measuring  contaTner  ^'  . 

Cylinder  gauges 
Shock  absorber  compressor 
Hydraulic  press 
Dr^t  poTTCti 

V-blocks  J 
Surface  ptate 
DC  voltmeter  ^ 
DC  ammeter 

Test  lamp    •  '  . 

Ohmmeter.  ^ 
Spark  plug  wrench 
Ignition  point  gauge 
Tachometer    ,  > 
Flywheel  pullers 
Float  level  gauge 
0-1"  telescoping  gauge' 
CluttQh  head  ..screwdriver  set 
Battery  ctenhp  puller 
Battery  hydrometer 
Battery  post'  cleaner 
Funnel  ^ 

Thread  repair  kit 
Boring  ba^  * 
Pisfon  ring  expander 
Piston  ring  gro6ve  cleaner 
Drill  motor 
^Chisel  set         ^  ^. 


Ridge  reamer 
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^         Ring  groove  gayi^e 
.  Jwist  drill^et  ^  ' 
*   Valve  grinder  ^ 

.   •  s  yalve*  seat  cutter^  ' 
'  Valve  spring  compressor 


^  Cylinder  r^one 


r 
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)TE,  This  is  an,  alphabetized  list  of  publications  used  \n  compteting  this*  mflnu?!.) 

Chilton  s  Honda  Singles  Repair  'and  Tune-Up  Guide,  Philadelphia,  Pennsyfvania: 
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Purvis,  !lud  All  About  Srhall  Gas  Engines.  2nd  ed.  Goodheart-Willcox  1963 
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Department  of  Health  Education",  and  Welfare,  1968.' 
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Smell  Engines,^  Volume  2, Maintenance  ^^nd  Repair.  Athens,  Ge6rgia:  American 
Association  for  Vocational  Instructional  illa^erials,  1974.  *  ' 
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.  ■  OCCUPATIONAL  INTRODUCtlON^ 
/?  •  'y;^'      '         .  .UNIT  I. 


^ After  compfetioFTo^tfvJS  unit:  the  stucTenrslidimrbe-dWe  to Jist^p^aces  of  employment 
and  discuss  the  occupational  outlook  ior  svnaW  gas  engme  mechanics.  The  stydent  should 
also  be  able  to  list  student  requirements,  name  the  steps  involved  in  small  gas-engine- 
shop  work,  arVj  complete  a  personal  mformation  sheet  This  khowledge  will  be  evidenced 
through  demoifetration  and  by  scoring  eighty-f i^e 'percent^dn  the  unit  test. 

'  '  '  ^  • "  /  • 

SPECIFIC  OBJECTIVES^ 

After  completion  of  this  unit/the  student  should  ^b^  able  to 

1         Discuss  the  occupational  outlook  tor  *smal!  gas-  engine  mechanics. 

*  ^  2        List  three  ^reas  of  employment  f«r  'small  ^as  engine  mechanics. 

•3        Select  places  that  employ  small  gas  engine^ mechanics. 

'i  »  •  * 

,     •  4      '  List  careers  open  for  students  trained  in  small  gas  engines  . 

*  5        List  seven  student  requirements  for  -the*  small  gas  engine  program, 
ft 

6        Name  seven  steps  involved  in  smpll  gas  engine  shop  work' 


1        Complete  personal-  information  sheet.  '^ 
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OCCUPATIONAL  INTRODUCTII^N 


UNIT  I  :      .         .  - 


-  ^      m       SUGGESTED  ACTIVITIES    ^  •  ^  ^ 

Instructor'    <       .  * 

/\     Provide  s.tudent  with  objective  sheet^  ^ 

*  •    Provt^e  studi^rrt  wcrh  tnft^rmarion  and  assignment  sheets 

C  Discuss  unit  and^pecific  objectives  «^ 

D      Discuss  information  an^  assignment  sheets. 

(NOTE'  Take  up  assignment  sheet  and  file  for  reference  purposes)  * 

E      Invfte  a^mall  engine  shop  owner  to  tafk  with  the  students  about  career^ 
Opportunities  ^  ^ 


F.  Take  field  trip  to  local  small  gas  engine  (Repair  shop 

G  '  Give  test     .  ^  *  .« 

Student  ♦ 

A  Read  objective  sheet 

B  Study  information  sheet  ^ 

C  Complete  assignment  sheet 

D  Take  test 


INSTRUCTIONAL  MATERIALS 
Included  in  this  unit 

A     Objective  sheet  ^ 

B      Information  sheet  ^  ^ 

C  '    Assignment  Sheet  ^1  -Complete^e^rsonal  Information  Sheet 

D     Test     ,  ,  * 

E      Answers  to  test    '  *  • 
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•  r  OCCUPATIONAL  INTRODUCTION  \ 

<     '    ^        '      INFORMATION  SHEET 


Occupattonal  oiitloo'k  '  ,    '  •  , 

'  A  dob  9pp(xtunities  result  e^ch  year  from  the  need  to  replace  experienced 
mechanics  who  are  promoted,  retired,  or  transferred  to  related  fields* of 
work  1^ 


-  y 


Nijmbpr  of  small  gas  engine  applacations  i4icreases  each- year  requiring  more 
mechdorcs 'to 'service  them'  '  » 

C    ^  Demand  increases  for  qualified  personnel  to  service  new  design  and  safety 
.   features         ,  *  ^     '       :  *  ' 

(NOTE    These  features  include'  pollution  control  and  noise  preventipn 

devices  )        '  .  « 


1 

*Arejs  0^'  t#>iployment 

r 


A      Maaufactunng  { 
B      Sales  '  .  '  ^ 

C  Service 
III   *  Places  uf  employment  ^ 


A 

Independent  repair  shops  for  small 

engines 

B 

Senyice  departriients  of  de[^^ment 

stores' 

C 

Retail  sn^all  engine  ston^L 

D 

Hardware  stores 'with  smaM^shops 

E' 

Mciknenance  departments 

Extjmple         Golf  courses,  .cities,  other  government*  agencies 
F      Rpcreationa!  vehicle  franchises  and  independent  dealerships 
IV     Care'f>rs      ^  -  *  * 

A      Engine  mechanic  ^ 
B      Senyice  manager 
C      Sales  manager 

'  2ij 


/     'information  sheet 

H) ,  Owner/manager 

E.  Technician         i    ,  /\  ^  ^ 

-F  Service  relDresentative** 

.G.  Engineer  ^  -      '  .      •  ,  ,  ^ 

H.  Executive  ;  '  ' 

Student  i^quirements.     '     -      -  ' 

A  Understand  and  follow  safety  regulations  ^ 

B.*  Understand  -arTd  operate* shop  equipment  correctly 

C  Take  instructions  readily-  and  follow  directions 

^D,  Control  te'mper 

E.  Ba  enthusiastic  about  job 

F  Be  on  .time  .  ,  *  ^ 

G  Attend,  class  • 

Steps  involved  in  shop  work  "  ' 

A  Diagnosis  "  » 

B.  'DisgssembiN;  " 

C.  Measuring  *  "  i' 

D,  Installation  6f  parts 

E,  ,  Reassembly  ' 

F,  Adjustments  .    ,  * 

G.  Test  ^      '    '  - 
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^  'occupational  introduction 

.UNIT  I 


ASSIGNMENT  SHEET  ffl -  COMPLETE*  PE RSONAL  INFORMATION  SHEET 


Fill  in  the  appropnart^  data  t)n  the  following  personal  information  sheet 
Name.   


Social  Security  Number   

Age^_  


Birth  Date. 


Grade 


Telephone  Number^ 


Parent/Guardian  ^Names 


Telephone  Number  for  ^En^eVgencies  . 
Occupational  Objective   


28  ■ 


r 


)  ,      •  '  SE  r  '9-A 

«       -         ■ .  •  ■ 


OCCUPATIONAL  INTRODUCTION 
'  '      UNIT  I 


TEST 


1.    .    Discuss  the  Qccupationaf  outlook  for  small  gas  engine  mechanics. 


/ 


List  the  three  areas  of  employment  for'srnall  gas  engine  mechanics.  j[ 


Select  thfe',places  that  employ  snrjall  gas  engine  mechanic's  i^y  placing  an  "X' 
m  the  appropriate  blanks.  •    -  ' 

 a.  Service  departments  of  department  stores 

'  _b.  Atr  Conditioning^ shops 

'  c  -  Banks  "         .  " 

d    Hardware  stores  with' small  shops 


 e   J^Slail'^mall  eng^ne^dres  ^» 


liist  $)x  careers  Qpen  for  students  trainedCifi  small  gas-engines, 
a      *     ■  .         ,     •  ■ 

b         *  '  * 

c        *      -        '  /  .  "  • 

♦ 

e  '  ■   •  {  ■ 

List  seven  student  requirements  for  the  small  gas  engine  program, 
a 


Name  seven  steps  invplved  I'n  small  ^  engine  shop  wotk 
a  •     .  , 

is- 

b 

c  J  •  .  " 

d.    '  ■  «  ,  . 


9-  .  ,  •  ■ 

Complete  personal  information  s^eet. 

(NOTE  If  this  activity  has  not  been  accomplished  prior  to  the  Jest,  ask  f 
mstrLictor  when  it  should  be  completed.).  , 
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'm-        QCCUPATIOnVl  INTRODUCTION  ■  ^ 

ANSWERS  vTO  \^ST  %  '  ' 

\ 

1  Discussio^  shouW  include;  '  \  <  , 

a.     Job  opportunities  result  each  ♦year\from  the  need  to  replace  experienced 
mechanics  v\(ho  are  pronnoted,  retin^d,  or  transferred  tb  related  fields  of  . 
work  '     •  .  ♦  •     '  '  ' 

■\       '  \  '  ^  • 

b      (\Jumber  of  small  gas  engine  application^  increases  each  year  requiring- more  . 
mechimcs  to  service  them 

c.     Demand  increases^for  qualified  personnel  to  ser\m:e  new  design  and  safety  \ 
features 

2  a      Manufacturing       e  .      .  ^  ^ 
b  Sales 

■ 

»  ■  c      S^nfice  «  ^  ^ 

3.       a,  d,  e  .      '       >  ^'  '   -  ,  * 

4  *  -   Any  six  of  the  following 

-a      Engine  mechanic  ^  ^ 

^       b.     Sen/ice  manager  ^ 
'c.     Sales  manager  - 

d      Owner/manager  .  ^ 

e      Technician  ^  '      '  ^ 


f,  Sen/Ice  representative 

g  Engineer 

h.  Executive      ^  . 

^       a  Understand  and  follow^  safety  regulations 
* 

b   ,  Understand  and  operate  shop  ♦equipment  correctly 

*  *  • 

c.  Take 'Instructions  readily  and  follow  directions 

d.  Control  temper 


ERIC 


1 


e.  Be  enthusiastic  about  Job 

f.  A  Be 

g.  '  Atter>dr class' 

a.  Diagnosis  '  *  . 

...  \ 

b.  Disassembly 

4 

c.  -Meastir-ing  -  •  . 

d.  Installation  of  parts 

e.  Reassembly 

f      Adfustrrwents  *  4-' 
g      Test  y 
, Evaluated  to  the  satisfaction  of  the  MistructOf 
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SAFETY 
UNIT  II 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  student  should  be  able  to  distinguish  between  safe 
and  unsafe  shop  practices  and  ijst  steps  for  maintaining  a  sa^e  and  orderly^shop.  The 
student  should  also  be  able  to  select  the  fire  extinguishors  for  the  classes  of  fires,  match 
the  colors  of  the  safety  oolor  code  to  statements  of  their  use,  and  coiTtf>lete  the  student 
safety  pF^dge  f6rm.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring 
eighty-five  percent  on  the  unit 'test.  •        '  • 


SPECIFIC  OBJECTIVES 


\     After  completion  of  this  unit,  the  student  should  be  able  to:  -  • 

I  l'  ,  -  Match  terms  associated  with  safety  to  the  correct  defmitions. 

'    2.       Match  the  colors  of  the  safety  color  code  to  the  correct  statements  of 
*  •  their  use. 

3r'  List  Steps  for  maintaining  a  safe  and'ordeal^  shop. 

*4.   =-  Match  the  classes  of  fire  to  the  correct  statements  defining  each  class. 

5.  Select  the  fire  extinguishers  best  suited  ta  extinguish  each  class  of  fire. 

6.  Distinguish  «betwfen  safe  and  unsafe  shop  practices. 

7.  List  "the  four  generar  shop  safety  rules.  ^ 

8.  *      Complete  the  student  safety  pledge  form. 

9       Complete  the 'individual  .student  shop  safety  inspection  checklist. 


1       ^  • 
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I  Instructor. 
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SAFETY 
UNIT  II 


SUGGESTED  ACTIVITIES 


^  A.*  Pfovide  student  with  objective-  sheet. 

B.,  Provide  student  with  information  and  assignment  sheets. 

C  Make'  transparencies. 

D  Discuss  unit  anc|  specific  objectives.  .      '  * 

E  Discuss  information  and  assignment  shee^. 


F      Invite  representative  from  fire  department  to  talk»about  fire  extinguisher 
use 


Give  test 
II  Student 


A     Read  objective  sheet,  ^ 


B     Study  information  sheet. 


C  '  Complete  assignment  sheets. 
D     Take  test  ' 


INSTRUCTIONAL  MATERIALS' 

\      Included  in  this  unit  / 

A  '  Objective  sheet  N, 
B      Information  sheet  .  / 

—      *       '  C     Transparency  masters  *  '   .  ' 

1         TM  1  Types  of  Fire  Extinguishers 
Use  Care  with  Gasoline 
^  3        TM  3  Proper  Use  of  Equipment 

4  TM  4  Unplug  Equipment  Beiore  \;yorkin.g 

5  TM  5 'Proper  Handling  of  Batteries  ■ 


34.  ^ 
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D.  Assignment  Sheets 

•  ^  •  * 

1        Assignment  Sh<?^t  #1  Complete  the  Sludent  Safety  Wedge  Form 
•   '  -  * 

2.       Assignment  She?t^  #2 -Complete  the^  Individual  Student  Shop 
*  Safety  Inspection  t?T§ckhst  .  ^ 

E      Test    '  .   

F      Answers  to  test  /  "  '  - 

"J^eferences 

A     The  ABC's  of  Fire  Protection.  Belleville,  New  Jersey'  'K)dde%  Portable 
Extinguishers/Walter  Kidde  and  Co  ,  Inc. 

B      An  /\ccident  Prevefition  ProgranV  for  School  Shops  and  Laboratories 
WasPiingt^n,    DC      Off-ice    of  *Education/U.S.    Department   of  Health, 
Educdtion,  and  Welfare 

Federal  Register   Vol  36  Number  105  Part  II  Department  of  Education 

D     Safuty  Practices  and  Procedures  m  'School  Shops  Division  of  Voc|tional 
Education 'New  Jersey  Department  of  Education, 

E.  A  Look  at  Service  Safety.  Tecumseh,  Michigan;  Tecumseh  Producf^Xo. 
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SAFETY, 
UNIT  II 


INFORMATION  SHtET    .  . 


Terms  and  definiiions 

A     Safety-State  or  condition  of  being  safe;  freedom  from  etanger,  risk,  or  injury 

B  Accident-  Any  suddenly  occurring,  unintentional  event  which  cSuSes  injury 
c  property  damage 

C  First  aid--lnnmed[iate,  Xemporary  care  given  the  y\zyrT\  of  an  ^accident  or 
sudden  illness  until  ^e  services  of  a  physician  can  be  obtained 

D  Carbon  nRonox'de  -Colol^ess,  odoriess,^  very  poisonous  gas  formed  by 
incompiete  combustion 

E  Battery  -Number  pf  cT5mplete  eiectricai  celts  assembled  in  one  housing  or 
case,  used  m  small  engirtes  to  run  and/or  start  the  engirie  • 

F  Serv'ce  annual  Professional  book  giving  exact  details,  tools,  and  procedures 
for  servicing  one  or  more  types  of  engines 

G     Compressed  oxygen-  Oxygen  processed  for  purity  and  compressed  tn  bottles 

Exampjp  Oxygen  bottle  for  oxyacetylene  v^yelding 

H  Carburetor  and/or  parts  cleaner -Chemiical  solution  for  dissolving  deposits 
such  as  grease,  varnish,  gum,  and  paint  from  parts  v^;ithout  damage^  to  the 
metal 

I       OSHA-  Occupational  Safety  and  Health  Act 
\ 

Colors  3nd  applicatpns  of  the  safety  color  code 

'  (  .    ..  •  '  . 

A  '  Green  -Designates  locartion  of-  safety  and  first  aid  Qqliipm'ent 

,  ■  •  1 

(NOTE  This  IS  applied  to  noncritical  parts  of  equipment^and  machined 
surfaces,  namept^te^,  and  bearing  surfaces  )  » 

B     'Vei?Ov\  Designates  caution  '        *     •  <  *  '  • 

(NOTE  This  IS  applied  to  operating  levers,  wheels,  handles:  and  hazardous 
ared*  which  may  cause  stumbling,  falling  or  tripping  )  "    "  . 
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'inform)miok'  sheet 

C      Orange-  Designates  dangerous  parts  of  equipmerit  whicti  may  c.ut,  crush, 
shock,  or- otherwise  injure 

(NOTE  This  IS  applied  to  electrical  switches,  tpterior  surfaces  of  doors, 
on^  fuse  and  ;3let:tricai  power  boxes,  movable  guards,  and  parts)  ^ 

D      Red  Ulentif.es  the  location  of  fire  fighting  equipment 

'  (NOTE  Epitrgency  fwe  exits  shall  be  designated  in  red  Gasoline  cans  should 
be  painted  /eiri  with  additional  identification  m  the  form  of  a  y^^llow  band 
aVound  the  can  Buttons  or  levers  for  electrical  switches,  used  for  st(>ppihg 
of  machinerv,  should  aisp  be  designatefi  ui  red  )        '  '■ 

E      Blue  -Designates  cautioo  agdinst  staring  equipment  while  it  is'bemg  wori^-ed 

on,  or  againir^t  the  use  of  defective  equipment 

I  NOTE.  Blue  -tag  should  be  lettered    Out  of  Order  ) 
ivory  Reflects  light  -and  "shows  the  wav"  - 

(NOTE.  Th's  IS  applied  to  label  edges,  vise  jaws,  and  edges  of  tool  rests  ) 
Steos  for  maintaining  a  safe  and  orderly  sho^o 

A      Arrange  maclTi-ery  and  equipment  to  permit  safe,  efficient  work  practices 
and  ease  in  cleaning 

B      Stack  o'r  store  aiatenais  -and  supplies  safely  n  prope^  r'^ace's 

C     Store  tools  and  accessories  safely.  >n  cabmets,  racks,  or  other  suitable  devices 

D     Keep  wqrkmq  aj^eas  and  work  benches  clear  ^d  f ree  t)f  debris  and  other 
hazards  ^  ' 

'E      Kpep  ftoofs  cl^an  and  free  from  fjbstructions  and  sirppery  sutpstarfces 

F      Keep  ai^s,  traffic  areas,  and  exits  free  of  mriterial  and  other  debns 

G      Profii^rly   dispose   of  combustible   materials   or  store  them  in  approved 
containers  '  '  .         ,  » 

H     Store  oily  rags  in  se't  closing  or  sfjiing  nd  i^ietai  containers 

,  I       Know  the  proper  ^procedures  to  fofio^'^'  in.kfcping  t^o  vvork  area  rlejn  ar^i 
'  ofderiy 
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INFORMATION  SHEET 


J      Have  suUiLJtMit  brooms,  [^rushes,  or  oTiier  housekeeping  equipment  readily 

ClaSSrS   nt  fires 

 > 

A     Class  '9'  Fires  that  occur  in  drdmary  combustible  materials  such  as  vC'ood, 
rags,  ^nd  rubbish 

B      Cla^s  B  ^ires  that  occur  vvith  flammable  liquids  such  as  gasohne,.oil,  grease, 
,  pamt,  and  thinners 

Ik 

C'    Class  C  Fires  tf^dt  occur  in  or  near  electrical  eq^^ipment  such  as'motors, 
sv^>/itchboard^  a;id  electrical  wiring  ' 

D     ClasG      Flies  thdt  occur  with  combustible  metals  *such  as  mag^jesium     '  \ 

V     Firo  fjxiinquist-iers  js^^d  on  the  classes  of  fires  (Transparency  1) 

,    A      Fr'/.sur'/-(]  ^^'dtnr  CI JSb  A  f ires 

:NOTE    This  iS  operated  by  squeezing  the  handle  or  trigger  ) 

kS'')da  n^id  C'dSS  A  fires 


y 


^        ^^0^E    This  ;5  operated  by  tuni^ng  the  extinguisher  upside  down) 

C      C'jrt.M)^^  diOxide  'COo)  Class  B  and  C  tires 

^OTE    This  IS  operated  •  by  .squeezing  the  handle  or.t^^'gger  ) 

D      L)r/  ^hei^jca'  Cla^s  B,  C,  and  D  fires 

'NOTE    This  IS  ^operated  by  squeezing  the  handle  or  trigger) 

.  E      Foa  r!*  Class  A  ana  B  fires  '    '  ^ 

(NOTE    This  is  operated  by  turning  the  extinguisher  upside  down  ) 

^    Fice  blanket  AN  classes  of  fireS'  •  % 

'NOTE   Fire  blankets  dre  normally  used  for  outside  fires  or  for  those^srriall 
enough  to  be  coiitamed  by  the  blanket  ) 

Vl      Rijles  of  safety 

A  .  Firu  pr^ytjot'On  {Transparency  2)  -^^w^  , 

1         N^^v'f'f  stnkf  sf)arks  ir^  a  room  or  area  where  flammable  liquids  ^ 
di^^  lised  or  stored 
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'    .  INFORMATION  SHEE-T     "     .  ,  ^ 

.  ^   ufe  only  approved  safety  cans  for  storage  of  flammable  fiquids 
and  label  them  properly 

Do  not  fil!  a  hot  or  rupnmg  engine  with  gasoline  ' 

,    .  (NOTE:  It  may  spill  antj  cause  a  fire.)  . 

Use  a  commercial  nonflammable  cleaner'  for  cleaning  tools  and 
parts 

» 

*  « 

(NOTE.  Do  not  use  gasolme  as  a  cleaner^fbr  tools  or  pJaPts  ) 

Change  any  oi!  or  gasoline  soaked  clothes  immediately 

JNOTE'*A  spark,  a  hot  exhaust  manifold,  or  an  open  flame'  can 
•easily'  ignite  such  clothing.)  • 

Learn  th^  location  and  use  of  fire  extinguishers  for  each  class 

of  file 

Dispose  of  oil  or  gasolme  soaked  rags  and  other  debris  in 
self  closing,' air  tight  metal  containers  orovided  for  this  purpose 

Avoid  placing  live  electrical  wires  near  fuej  lines,  carbure\oi^,^gas 
•tanks,  or  fueCstorage  containers' 

and'  grease        *  ,  -  ^ 

Wipe  up  at  onte  any  spilled  oil,  grease,,  or  other  liquids^ 

(NOTE  Use  oil  absorbent  materials  on  the  oil;  thjs  will  pre^'ent 
slipping  ) 

^        Do  not  direct  oil  spray  toward  other  workers 

Always  have  the  proper  container  at  hand  to  catch  fuel,  oil,  or 
other  fluids  before  attempting  to  dram  them 

([^TE  V\l^en  the  fluid  has  been  dr&if*e5,  move  it  to  a  safe  place 
away  from  fire  hazards^.)  .... 

Do  not  pour  old  oil  on  the  ground,  dowf>  a  dram,  or'into  a  natural 
^  watershed 

(NOTE    Consult  your  instructor  regardir»g  local  ordinances^or 

disposal  of  oil  and  grease  ) 
*  •  ♦    *  » 

Do  not  oil  an  engu^e  while  it  is  tunning  or  attempt  to  oil  or 
wipe  moving  parts  i 
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■    ^  ,    INFORMATION  SHEET      '  ' 

Eye  protefction-Always  use  safety  goggles  while  performing  the  following 
operations  or*  as  required  by  state  and  school  Taws  or  policy 

1.  Grinding,  chipping,  or  drilling 

2.  ^      Working  under  equipment  *  ^ 

3.  Operating  abrasive  discs        '       /  .  ^ 

4.  Charging  batteries  or  using  caitstic  cleaning  compounds 

(NOTE:  Wear  splash -proof  goggles  when  using  acids  or  qaustic^ 
#       *   liquids  suck  as  carburetor  and  parts  cleaners.) 

Electrical  *         '  -»  . 

*  ^  m  ^   * 

1.  Any   and.  ^  dangerous  conditions  of  equipment  should\be 
reported  to  the  instru^or 

2.  .  Treat  all  electrical  equipment  as  /'live"  until  you  have  carefully 

^  checked  '  •  ^  - 

^3      Use  third  wire  cords  and  plugs  to  ground  aH  portable  [ights  and  ^ 
tools  '  " 

(NOTE:  This  ts  not  necessary  on  tools  \hat  aref double  insul^'ted.) 

4.  Check  the  condition  of  cords,  plugs,  and  socketsv^ 

5.  Eliminate  cords  and  wires  as  trip  hazards    •  ^ 

6.  Coil  and,  hgng  or  store  power  tools  ariH  corjis  properly  . 

7.  Be  prepared  to  turn  off  .any  electrical  power  switch  and/or  main 
switch  in  case  of  emergency 


Air  pressure  % 

1.       Never  use  compiksed  air  equipment  fcfr  dusting  off  clothing  or 
work  benphes 


(NOTE:  plying  particles  may  be  blown  into  eyes  or  skin  of 
yourself  or  others.) 

2.  .     Never  use  comprassed  oxygen  in'  place  of  compressed  3ir^ 

•  3.      '  Use  compressed  air  only  for  the  purpose  for  which- it  is  intended 
and  in  a  manner  approved  by  OSHA 
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•     INFORMATION  SHEET 

Equipment  (Transparencies  3  and  4) 

1^.  '  Do  not^^erate  any  nia?:hif}e  without  havinc^bepn  instructed  in 
^  ifs  use  •  s  '   4 '    A.  ^ 

^.        Never  start  an  engine  before  determining  that  everyone  ;s  in  the 
clear  *    /  "  , 

3  Neveijfctart  ari  engine  without  knowing  how  to  snut  ^t  off  «fid 
bejng|[Pady  to  do  so  if  -the  need  caHs  for  it^ 

4  Keep  hands  and  clothing*  away  from  moving  parts 

Jl  ■  ♦ ' 

-  (NOTE'  A  few  JPthe  nloving  parts  that  concern  us  are  flywheels, 

'.blades,  f^ns,  ge^,  p^He^s,  bel^ts,  chains,  gene^ors,  and  power 
[  take  off  (PTO)  sh^ts.)      *  •  '   .       ^  w.^. 

5  fM^^  run  an  engiiSj^  in  'ar^  inadequately  venttiated  place 

(NCfTE    Remembof' that  carb6n  monoxide*  fumes  from  an  engine 
*         can  kill,)  .      '         •  ' 

6  Ree^  and  heed^all  notes  aad' cautions  '  ^ 

■ .  /.  •  -      '  V 

.  (NOTE"  Throughout  ,this  ri^erial  and  m -almost  every  service. 
•  rPdHuai  you  will  come  across  many  passages  with  these  headmgs.) 

.  7         R^ad  instructions  tFioroughly  and,  follow  therp  c'arefully 

(NOTE.  Do  not  attempt  shortcuts)  * 


I 


If  ^y5ij\gck  th^  proper, tools  o-^  have  doubts  of  you;^ ||^ility  to 
dfe  the  lob  ^orrectl^.  consulf  your  ir^structor. 

9         L*tghto  your- work  area  adequate^''  "  « 

^'  (N'OTE   .Have  ^a   portaok*   safety    liqhjt    for    working  '  under 

equipment  )  . 

TO      ■'^^ear  reasonably  tight  fiHing,  appropriate  clothing  while  working^ 

*  inVh^  shod^  .  '  " 

•  \  *  *  ' 

11        'Never  w^ar  a  necktie,  necklace,  or^tfi^r^loose  apparel  to^'work 
4  m  'the  -shop\  '  ,  ^ ^ 

(>N01>E   Buttojn  sl^ieves  and  secijre  o«over  long  hair  behmcl  your 
*    ,       head  or  up^ro  prevent  snaggmg  .in"  power  equipm^yit  )  ' 
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INFORMATION  SHEET 


^,12         Always  discoDnect  and  ground  the'wire  from  the  s[j|rk''piug~bLefore 
-  ,  '  inspecting  or  repairing  any  mower,  tiller,,  »saw,  or  "other  pov\/er 

i  '  '  -eqiiipfnent 

,  ^     jp  ;  ^  (NOTE    The  engincMngy  accidentally  s,tart  and  cause  serious 

,  "     '    •  injury. )^    ^     '  r         ,  ,  * 

13^        After  reassembly  be  sure,  all  p^rts,  nuts,  t>olts,  and  'screws  are 
securely  irr  place 


(NOTE  Loosfe  or  missing  parts  can  interfere  w^th  the  operation 
^  the  equipment  and  damage  or- injury  may  result.). 

G^;    Bartenes  4Transnarenc/  5)  -  -       ,   , 

J         Handle  batteries,  with  ^^''^^'^^B^  ^  4i^tery  strap  or  carrier 

2         Always  hold  battary  upri,ght  andTet  Securely  so^there  iskio  datiger 
of  spiliing  acid  -  '  * 

-  3        Never  s'rTKikp,  use  an  opqp  flame,  or  cause  a  spark  on  battery 
^     -      terrymal^  especially  on  a- chacgiTig  battery  or  charging  ^arera 

(NOTE.rHydrogen  g^s  is  given  off^f^charging'ancl  it  mav  explode 
and  sf)atter  aeid  );^'^  '  ' 

*  Wpar  protective  clothing^sucK.as  chemu:al|goggles,  r ubber»^aprons, 

/        '       gloves,  anci  boo'ts^  while  working*  in  batteijj^9harging  operations 

5       -^yhftft^mixing  battery  -  solutK^ns,  always  pour  acid"  int^f  v^/ater  . 


*    /  ^       \  •    fNOTE  'Reversfnq  th!> 


I 


fNOTE ^  *  Reversing  thi^mjxrng*  prgcedurB  to  water  intcf;  acid 
^  '  mcreasres        possibility  o-f  splash^g  the 'acid  on  you  ) 

,  ,    *      ^i6. .  .^Jf  acid  sftTashiis  on  you,  fjush  immediately  with  plenty  of  cold. 
^  ^ter.  and  notify  mstrilteor      -  *      '  ^ 


V 


(NOTE^This  IS  especially  important  if  acid  gejts  i*n  your  eyes.) 


*'        ..  7      ^  Do  not' shbrt*  circuit  The 'battery  to  Xesx  jn     '\  [ 

(NO*TE    A  fire*  or  explosron  may  result 


Prevent  ac<:idential  short  circuits  ^by  discormectinn  ijna  insulating' 
grounded  battery  cable  before  v^orking  orv^equtpfrfent 


6 

ERJC 


24-A  , 


*.  INFORMATION  SHEET  ' 

VII.    General  shop  safety  rules 

' 0.    All  injuries  should  be*  treated  at  once 

^SafetY  equipment  and  shqes  should  be  gsed  and  worn  as  required 

^  C.     Runnin'g  and  horsep^y  are  not  permitted Jn  the  shop  ar  any  time 

D.    Any  artd  aU  dangerous  conditions  or  damaged  equipment  should  be  reported 
to  the  instructor  .  ^  ' 


0^ 
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TYPES  OF  FIRE  EXTINGUISHERS 


SODA-ACID  DRY  CHEMICAL 


'  SE  -  29-A 


PROPER  USE  OF  EQUIPMENT 


READ  YOUR  OPERATOR'S  MANUAL  BEFORE  t 
OPERATING  EQUlf  MENT 

^  DO  NOT  WEAR  LOOSE  FITTING  CLOTHING 
AROUND  EQUIPMENT,  AND  STAY  CLEAR  OF  THE  MOVING 
PARTS  WHILE  THE  ENGINE  IS  RUNNING 


UNPLUG  EQUIPMENT  BEFORE  WORKING 


DISCONNECT  THE  SPARK  PLUG  LEAD 
TO  KEEP  THE  ENGINE  FROM 
^  ■'■  ACCIDENTLY  STARTING  — 


♦  .SE  -  33-A 

PROPEIU;iANDLINlG  OF  BATTERIES  • 

DO  NOT  ARC  "TERMINALS  TO" TEST  -  OR  TO  CAUSE  A  SPARK 


'     .'      ,  TM  5 


•  SE 


SAFETY 
UNIT  II 


ASSIGNMENT  SHEET  ^1  COMPLETE  STUDENT  SAFETY  t^LIDGE  FOm/l 


Read  and  complete  the  'Student  safety  pledge  form  by  filling  m  the  blanks. 


STUDENT  SAFETY  PLEDGE  FORM 


i 


who  IS  enrolled  m  Vocational 


 ,  v'viH  as  a  part  of  the  shop  experience,  opei^ate  machines,  providing  that 

the  [menx  or  qudrdian  gives  written  permission* 

It  IS  understood  that  each  student  will  be  given  proper  instruction,"  bothjn  the  use  of 
thf'  equip'^-ent  and  correct  safety  procedures  condferning  it,  before  being  allowed  to  operate 
the  'T^achines  The  student  must  assun^  responsibility  for  following  safe  f^actices,  therefore, 
v  e  ask  th^t  the  student  subscribe  .to  the  following  safety  pledge. 

»    1         1  PROMISE  J<)  FOLLOW  ALL  SAF^T^Y  RULES  FOR  THE  SHOP 

2  I  PROMISE  NEVER  TO  USE  A  MACHINE  WITHOUT  FIRST'HAVING 
,                   PERMISSION  FROM  THE  INSTRUCTOR 

3  i  WILL  NOT  ASK  PERMISSION  TO  USE  A  PARTICULAR  MACHINE 
UNLESS  I  HAVE  BEEN  INSTRUCTED  IN  ITS  USE,  AND  HAV*E  MADE 
lOO';  Orsi  THE  SAFETY  TEST- FOR  THAT. MACHINE 

4  \  WILL  REPORT  ANY  ACCIDENT  OR  fNJURY  TO  THE  TEACHER 
IMMEDIATELY 


.^ATE  STUDENT'S  SIGNATURE 


I  ^*!f;r<>r>/  qive  my  conser>t  to  allovv^my  son  or  daughter  to  operate  all  machines  and 
equipp)Hnt  nece^Sdr/  in  carrying  ou^-  the  requirements  of  the  course  in  which  he/she 'is 

en'*'ol!ed 


'DATE  ■     PARENT'S  SIGNATURE. 


(If  required)' 

^rpnt<^  arc  cordidiiy  ipviterl  tt?  visit  the  shop  to  inspect  the  machines  and  to- see  them 
in  of^eratfof  -  ' .  ^  ^ 
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SAFETY 
UNIT  II 


JKSS1GNMENT  SHEET  #2-  COMPLETE  INDIVIDUAL  STUDENT  SHOP 
SAFETY  INSPECTION  CHECKLIST^ 

* 

Complete  the  safety^  mspectibn  checklist  by  physically  conducting  an  inspection  of  the 
shop  area  ^ 

•  If  * 

CHECKING  PROCEDUflE 

^- 

•Draw  a  circle  around  the  appropriate  letter,  using  the  following  letter  scheme: 

S   -  Satisfactory  (needs  no  attention) 

A  -  Acceptable  (needs  some  attention)  ^1 

U   -  Unsatisfactory  (needs  immediate  attention) 

Recommendations  should  be  made  m  all  cases  where  a  "U"  is  circled  Space  is  pro'vided. 
at  the  end  of  the  form  for  such  comments. 

,  /T^ENERAL  PHYSICAL  CONDITION  ' 

1.       Machines,  benches,  and  other  equipment 
are  arranged  to  conform  to  good  safety 
<;     practices  '  -  S      A  U 

-2        Condition  of  stairways  and  ramps  S*     A  U 

3  Con^mon  of  aisles    "  *  S      A  U 

4  Condition  of  fibors  -         ^  ^  S      A  U 

5  '  Condition  of  walls,  windows,  and  ceiling  S      A  U 

Illumination  is  safe,  sufficient,  and  well 

placed     ^    I        ^  S      A  U. 


7.       Ventilation  is  adequate  and  proper  for 

'conditions  S      A  U 


8        Tempel^ture  "control  S      A  U 

9.,      Fire  extinguishers        of  prefer  type, 

adequately  supplied,  properly\ocated,  ' 
.  ^     and  mafintamed  '  -  S      A  U 

10        Teacher  Snd  students  know  location  oi  and 

how  to  use  proper  type  for  various  fir^s  *   S      A  U 

11.       Number  and  location  of  exits  is  adequate 

and  properly  identified     ,  S      A  l5 
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■ASSIGNMENT  SHEET  #2 


12.  Walls  are  clear  of  objects  that  might 
fait 

13.  •     Utility  lines  are  properly  identified 

14        Air  in  shop  is  free  from  excessive  dust 
and  smoke 

15.       Evaluation  for  the  total  rating  of 

GENERAL  PHYSICAL  CONDITION 

HOUSEKEEPING' 

1*       GeneraT~a^ppearanfce  jol  orderliness 

2.  Adequate;  and  proper  storage  space  for 
tools  and  materials 

3.  Benches  are  kept  orderly  .-^^ 

,  4.       Ccrners  are  clean  and  cleaf  ,  • 

5        Special  tool  racks,  in  orderly  condition, 
and  provided  at  benches  and  machines 

6.       Too!,  supply,  and/or  rViaterial  room  is  orderly 

>        Sufficient  scrap  boxes  are  provided 

8.  Scrap  stock^ts  put  tn  scrap  boxes  promptly 

9.  Materials  are  stored  in  an  orderly  ^nd  safe  ^ 
condition  ► 

10,       A  spring  hd  metal  container  is  provided  for  , 
waste  and  oily  rags 

If.-    .  Dangerous  materials  are  stored- m  metal 
cabinets 

12        Machine^  have  been  color  conditioned 

13.  Safety  cans^are  provided  for  flammable  liquids 

14.  Ftoors  ac«  free  of  oil,  wat^j^T^d  foreign 
^     m'aterial  - 

15.  Evaluation  for  the  total  rating  for 
°  HOUSEKEEPING 
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ASSIGNMENT  SHEET  #2 


EQUIPMENT 


1.  Maehmes  are' arranged  so  that  workers- are 
protected  from  hazards  of  other  machines 
and  passing  students 

2  .  •     Danger  zones  are  properly  indicated  and 
guarded  ^ " 

3.       AM  gears  and  moving  belts  are  protected 
by  permanent  enclosure  guards 

4'       Ail  equipment  control  switches  are  easily 
available  to  operator, 

'* 

5  Nonsktd  areas  are  provided  around  7 

machines 

6  Toois^  are  kept  sharp,  clean,  and  in  safe 
wor|jP  order 

^         Evaluation  for  the  total  rating  for 
EQUIPMENT 

ELECTt^lCAL  l-NST ALLATION 

1  AM  switches  are  enclosed 

2  '    There  is  a"  master  controhVwitch  for  all 

electrical  installations 

if 

3  A!i  electrical  ^extension  cords  are  in 
safe  condition  and  are  not  carrying 

excf.'SSfve  loafis 

4  All  machine  switches  are  within  easy  reacK 
of  the  operators 

5  Infli^^ifjual^cut  cf^f  Switches  are  provided  - 
for  each  machina 

6  No  temf)orary  wiring 

7  ,      Fvdiuation  f(;r  the  total  rating  for 

ELE'CTRICAL  INSTALLATION 


ASSIGNMENT  SHEET  #2 


PERSONAL  PROTECTION  (Read  only)  r  ^ 

1.       Goggles  or  protective  shields  ace  provid^and  required'for  all  work  where 
\    eye  hazards  exist  '  .      .  . 

If  individual  goggles  are  not  provided,  hoods  and  goggles  are  properly 
^disinfected  before  use 


3.       Shields  and  goggles  are  provided  for  welding  ' 


.  4^       Rings  and  other  jewelry  are  removed  by  students  when  working  ih  the  shop 

Proper  kind  of  vvearing  apparel  is  worn  and  worn  p/operly  for  the  j9b  being 
don^  '       *.  •  ^ 

6    '    Leggjngs  and  safety  shoes  are  w(3rn  in  special  q^sses 

#• 

T  )      Respirators  3re'  provided  for  dusty  or  toxic  atmospheric  conditions  such 
as  when  sprayifig  occurs  in  the  finishihg  room 

8.  Provisions  are  made  for  cleaning  and  sterilizing  respirators 

9.  Students  are  examined  for  saiety  knowledge  ^  ^ 

10.  Sleeves  are  rdlled  above  elbows  when  operating  machines 

11.  ^      Clothing  of  students  .is  free  from  loose  sleeves,  flopping  ties,  and  loos^  coats 

^  RECOMMENDATIOWS"" 
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V.    '  .  IVIjitcli  the  terms^on  the  right  to""' the .  correct  definitions 

'  •    *  '  *    a.  Sta'tg  .or  condition  of  being'safel  fre 
fron^danger,  risk,  or  ir\jury 


urring,  unintentional 


injury  or  property 
i 


^    jfLm^'  Any  sud^Ji 
^  /    •  /  event  whi 
-  i  ^dam^ge 

tftfc.  t)ccupationaJ'\S9fl!y  and  Health  Act. 


d.  Immediate',^  temparafy  care  gu/en  the 
.  "vi'ctim^,9f  ^'"accident  or  ^dden  illness 

untiKthe  service^>3f     phyjtoan  can  be 

obtained     ^  , 


'         ChemricaUsolution  for  dissotvir^g  deposits 

such  as  grease,  varnish/ gum ^and  paint  , 
.  •  from  paTts'without  damage  to'fhe n^veta^ 

 ^f    Professional  book  giving  exact  details, 

stools,*  and  procedures  for  servicing  one 
'  *     or  more  types  of  engines* 


^g.  ^  Oxygen  v  processed,  for  -  j  purity  ^  and 
*  "  Compressed  in  bottles-*. 


^h,  Number/of   complete'  electrical  4l^ils 
..^assembled  in  one  housing  or  case-;  used 
'in  small  engines  to  run  and/or  start  the 
engine  ^  ^ 


j^."  Colprless,  odorless,  very  poisonous  gas 
fo'rrrTed  by  incomplete'  combustion 


1. 

OSHA 

2. 

Battery 

3. 

Safety 

Accident  * 

5.  • 

First  'aid 

6. 

Carbon 

rhonoxltle 

7. 

Service 

manual  ^ 

Cernpressed  " 

oxygen  • 

9. 

Carburetor  and/or 

parts'cieaner 

MatcK  the  colors  of  f^e  safety, color  code  on  the  right  to  thecoi;rect  staterri^nts 
of  their  use.  ^  5^  ^  '  * 


^a.  Designates  caution  • 

_b.  identifies  the^  locatipn  '^^Jflre  fighting 
equipment  :  - .  ' 

c.  Qesigtfetes  location  of  safety  ^nd*  first  w  ,1/  ^' 


dr  Designate?  dangerous  parts  of  equipmfent 
which    may    cut^^rjg^)  , shock,    or  , 
otherwise  injijre-     ^  , 

'  ^e.  Designates    caution     against;  startingj 

'       *  ^    equipment  while  it  is  befng  worked  6n,^ 
jdV  against  the  use  of  defective  equipment  . 

 'J,    Reflects  light  and"  "shows  the  way 


1 

'  1 . 

Green 

■2..- 

Ivory 

3. 

Orange 

4. 

YeH^w 

Blue'. 

6. 

Rfecl  . 

«  • 

Li.st  five  steps  for  m*ainiaining  a  sAfe,  and'  orderly  shop^ 


b. 
»c.. 


♦  :   '    .  t  -  .    •  ^ 


e. 


r 


4.       Match  the  classes,  of  fire  dn  ,the  right  to  the  cprrect  statements  defining  each. 


'  a.  Fires  that  occur-with  flammable  liquids  J-  •  Cla^  A 
T     such  las.  gasoline,  oil,  grease,  pfaint,  ancf  ^  ■  ^ 

4J^inn%rs  .       .  2:     ICIass  B 

_b.  Fires^ that  occur  in  ordinary  combustible   -     3^       Cl»  C 
friaterialsisuch.as  vJdod,  ra^s,  and  rubbish 

*   '  /    '  4.       Class  D 

__cT  Fifes  tl^t  occur  with  combustible  metals 
such  as  'magnesium 

__d.  Fires  that/^ccur  in  or  near  electrical.    ,  ^ 
equipmeWj  such  as  motors,  switchboards,  < 
and  electrical  wiring  ' 


SE 


Select  the  tire  extinguisher  best  suited  to%extinguish  each  classirf  fire  by  placing 
an  "X"  in  the  appropriate  blanks  under  each  section,       -  ^ 

a.  \  Q^ss'  A    ^  » 


*1)  Soda  acid 


^21  Dry  chemical 
_3)  Pressurized  Cyater 
4)  Foam 
."PrrffTDlanket 


Class  B 
 _1 

 2 

 _3 

 _4 

5 


c.    'Class  C 


j_2 
4 

.  ..J 

5 


d.  "  Class  D 


Pressurized  water. 
Carbon  djoxide  (CO2) 
Dry  f  henfficat 


Foam» 

Fife  bianket-_^ 

Foam  \  /  '  4i 

Dry  chemical  ' 
Soda  apuJ 

Carbon  dioxide  (CD2) 
I  Fire  blanket 


Foam 


If 


2^  Dry  chemical 


Soda-  acid 

Carbon  dioxide  (CO2) ' 


5)  Fire  blanket 


Distinguish  between  safe  and  unsafe  shop  practices  by  piacing  an  "S"  irwthe 

appropriate  blanks  if  the  practite  i?  saf^^and  a\"U"  if  it  is  unsafe. 

*  ft  ♦      .  \  .  ^ 

a.     Fire  Preventipn  ^  ^       '  * 

1)  Never  strike  s^ar1<s  in  a  room  or  area  whel-e  flammable  liquids 
are  used  or  stored  -  •      '  . 

^  Use.  only  apppvjfd  safet-y  cans  »f or  storage*  of  ffamn^ble -liquids 
^   and  labe^tHyn  prop^jj^ 

Jk^^Jasoline  nriajl'^  be  poured  into  an  engine*^  at  any  time  ^'^ 

4)  Wash  engin^^arts  jp^  pan^f  gasoline    u  ' 

 5)  Change  any       or  gasoline  soakecl  clothes  immediately 

 6)  Learn  ^the  location  and  use  of  fire  extinguishers  for  each  dass 

of  fii;e     '  '  '  - 

^''\/^  '   '    '   .  , 

 7)  Disp^os^  of  oily-  ragfl^by  throwing  them  in"^  corner  or  under  a 

taHe  out  of  the^  way  .  /  '  " 

 8)  Avoid  placing  Ifve^l^rtcal  wires  near  fuel  Une§,  carburetors,  gas 

tanks,  Qr  fueJ  stoi/g^  containers 

Oil  and  Grease       /  ^     -    *  ' 

 1)  When  a  job^  is  messy '%nd  more  oil  vvill  be  spilled  on  the  floor, 

wait  until  th^e  jab  is  compfeted  to  use  oil  absorbent  materials 
to  dean  th^., floor  . 

 2)  Do  not  direct  oil  spray  toward  other  workers 

 3)  Alway^have  the  prop^  container  at  hand  to  catch  fuel/  oil,  or 

other  fluids  before  attempting  to  drair^  them 

•  «■ 

4)  Pour  old  oil  down  t^.e  drain  a 


 5)  Thfe  besj  fmr^  to  do  a  good  oil  job  is  when  the  machine  or  engine 

^is  ^/nning       ^i^.  . 

Eye  Protectior)-Always  use  safety  goggles  while  performing  the  follovi/ing  ^ 
operations' or  as  required  by  state  and  school  laws  ^ or*  policy:  ^ 

 ^1)  C^rioding,  chipping,  or  drillin^^ 

2)  Working 'Under  equipment 

 3)  Operating*  abrasive  discs 

 4)  Charging,  batteries  or  using  caustic  Skirting  compounds 
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Electrical '     _    ^ 


f 


^  1  >  Any   and   all  dangerous ,  conditions  of  equipnient  shoJWp  be 
reported  to  the  instructor*  '    -  % 

 2)  Trearall  electrical  equipment  as  '''live"  until  you  ha^e' carefully, 

"  .  .        checked  '  '  .  *  *     •     '  • 

 3)  Use*two  wire^cords  and  plugs  to  ground  for  all  portable  lights 

.  and  tools     * »      ^     *  ^  *  ^ 

■  -       ^  .•  ^ 

4)  Check  the  condition  of  cords,  plugs,  and  sockets  *  \ 

  ;     '  .       •  *    '  ^ 

 .5)r  Eliminate  cbrds^and  wires  as  trip  hazards 

6)  Leave  out  XqqIs  and  pieces  of  ei|uipnr>en]:  where  you'  finish  work. 
^  ^  today  so  you""  can  quickly  resume  work  tomorrow 

Be  prepared  t,o  turjQ  p*ff  any  electr4cal  power  switch  and^or  mairt 
^  Switch  in  case  of  emergency 

Air  f^ressure  .     ,  '  ^  "7 

,0       .  ,  ^  •     '  .  .  -         '  * 

*  .    \1  i  Use  compressed '^ir  equipment  for  dusttnjj^off  clothing  and  work 
*     \  benches         -  ^  '* 

'  2)  ^Nj^er  use  co'iTipressed 'oxygen  m  place  of  comoressed^'aK   ^  * 


vhich  It  is  intended 


 ST'^LTse  compresje^Tf  only  for  the  pura6se  for  w 

pjicJ-  in  a  manner  approved  -by  OSHW 

Equipment  ^ 

 1)  Do  not ^perate  any  machine  fyithout  having  been  instructed  :n 

Its  use  ^ 

^  ♦ 

 2)  Stare  an  engine  when  you       ready-  and  hope  mat  everyone  is 


in  the  cle^ir 


_  3i  "iever  start 'an  entwine  withcrjt  knowm-^  how  to  *$hLt  it  0^^  and 
being  ready  to  do  so«  if  the  needs' ca'ls  for  it  * 

 4)  Keep  hands  and  ^clothing  away  from  moving  parts 

'  6}  Neve^  "  jn  an^^engjne  m  an  inadequately  ventilated  piace 

 6}  Reaa  and  heed  all  notes  and 'cautions  . 

_^7)  Read  instructions  thoroughly  and  follow- then]  c^fuiiv  ** 

 8)  if  you  lack  the  proper  tooJs  or  f^e^doubts  of , your  ability  to 

do  the  job  corrgctty.  consult  your  instructor 


_9)  Light  your  work  area  'adequately 

1CW  'Wear  reasonably  tjght  fittmg  shsrts  or  cutoffs  whiie'vvorkrq  in 
thQ  shop  ^  .   "  -"7 
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11J  Wear  a  n^cKtie  and  loose  fitting  apparel  to  work  in  the  shop 


^   12)  Alwayi  discopnect  and-^ground  the  wire.from  the^s'park  plug  before  - 

^   :       Inspeoting  Of  repairing  any  mower,  tiller,  saw,  or  other  equipment 

 %13)  After  reassembly  be.  ^re  all  parts,  niit^,  bolts,  and  screws  are 

se^rely  in  place 

g.     Batteries  .        •  ^         .  , 

\   1)  Handle  batteries  with  care  and  use  a  battery  strap  or  carrier 

2)  Always  hold  battery  upright  and  set  securely  so  there  is  no  danger 
^   '    of  spilling  acid  ' 

3)  Disconnect -the  battery  charger  »from  the  terminals  befo^  si^Jtting 
off  the  machine,,  evein  though  it  may  spark  j  ^  * 

 4)  Wear  protective  clothing  such  as  chemical  goggles,  rubber  aprons, _ 

gloves,  and  boots  while  working  in  battery  changing  opera^ons 

J  5) 'If  acid  l^lashes  on  you,  flush  immediately  with  plenty  of  wat^r 

and  jiotify  instructor  ^  ' 


6) 


Wher^rriixing*  battery 'Solutions,  always  pcfUr  water  mW  acid 

 7)  Test  a  battery  with  a  pair  of  pliers,  .between  the^terarwnals,' if 

,  'It  IS  believed  to  be  dead-  *  '  ^ 

 .  8)  Prevent  accidental  shortt  crcutts  by  disconnecting  and  fcn^latin^' 

/       ^  grounded  battery  cable  before  working  on  equipment  ■ 

List  the  four^general  shop  saiety  rules.  '  . .      /     -  ' 

a  .  o  ;    .  '  ' 

■  9  •  ♦    .    ^: '    •  . 

b.  .  •  • 


d. 


Complete  the  student  safety  pledge  form.  ,   ^  • 

•  dompi^te  the  in(;iividual  student  shop  safety  inspectio/i  checklist.    *    '    ^'  ; 

«  ^ 

(NOTE  If  these  activities  have  not  beea  accomplished  ^nor  to  the  .test,  asl< 
your  instructor  when  they  should  be  completed.)       .  ^ 
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SAFETY 
UNIT  II 


ANSWERS  TO  TEST 


a.  3.  •    7  ,  .  . 

b  4  .                  g  8,         •  :  ^     ■  . 

c  1  h  "  -5     '  • 

d  5       •    ,  ,     •  I.  B  '  •  •  _  ^ 

•r  9 

a,  4  •       d  3 

b  6  .                  e  5     "  ■ 

c'  1   •  '                 f  2  ■  "      '  ' 

■  '  ;         -     >  ■ 

3*       Any  h^je  ofThe  foitowing  j  *         ^  -  1 

«j  '     *  . 

,    d'-    Arran^^hfichmerY  and  equipment  to  permit  safe,  efficient  work  practices 

arncJ  ease  :n  cleaning  '  _  -  > 

b*   .Stack'  or  store  Rnaterials  and  supplies  safdly_iri^roper  places  ,^  .  ' 

c,     Storg^  tools  5nd*  accessories  safely  m  cab'nets,  racks,  or  other  suitable  devices 

d      Keep  .'^^orkinq  aree^  and  work  bencfies  clear  jnd  free  of  debris  aod  other^ 
t  cf/ards  '  -  ■  '      ^  * 

t:      Ke^^p  Moors*- ciean  and 'free  ^rom  obsjructions  and  shp^ry  substar^ces 

% 

K^ep  aisled,  'raffic  areas,  and  exists  fr'?e  of.  materials  and  other  debris 

g      Properly  diooose  of  combustible  materials  or  store  them  in  approved 

':cntaine:s 

h      Sto^eoily  raqs'm  self  closing  or  spring-lid  metal  containers 

Kno'/;  the  [5roper  procedures  to  follow,  in  keeping  the  work  area  clean  and 


orderly 


Have  sijffictenA-broBms,  briishes,  or  other  hoLsekeeping  equipment  readily 

availdhie  •  *  - 

Pi,-  '  ' 

>       ^  J,  . 
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4.  a.  2 

b.     1     •  ' 
c  -  4 

d  3 

5.  a'  T,  3,  4,  and  5 
b.  2,  3,  4,  and  5 
c      2,  4,  and  5 

-    d      2  apd  5 

6.  a         1)  S 

2)  S 
.  —3)  U 
-<     ■•     4)  U 
b        1)  U 
2)  S 

"    '     ■  ■      3)  S  ' 

'   4)  U 
5)  U 
t         1)  S 

2)  S  • 

3)  S 

,  4)  S     ■  ' 

d        1)  S 
2)  S 
■  3)  U 

4) -  S  • 

e.     n  v'  . 


2)  S 

3)  S 


5) 

6) 
7) 
8) 


S 

s 
u 
s 


5) 
6) 
7) 


S 
U 
S 
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8 

9 


1)  S 

2)  U 

3)  iS 

4)  S  ■ 

5)  S- 

1)  S 

2)  S 

3)  U 

4)  S 


6)  S 
7}  S 

8)  S 

9)  S 


5)  S 

6)  U 

7)  U 

8)  S 


10)  U 

11)  .U 

12)  6 

13)  S 


> 


a      All  injuries  should'be  treated  at  once  .  -      .  , 

b.     Safety  equipment  and  shoes  should  be  used  and  worn  as  required 

C      Running  and  horseplay  are  not  pertmtted  m  {he  shop  at  any  time 

d-     Any  and  all  dangerous  conditions'or  damaged  equiprpent  should  be  reported 

to  the  instructor  *  , 

Evaluated  to  the  satisfaction  of  the  instructor  a 
  ■ ;  * 

Evaluated  to  the  satisfaction^  of  the  instructor  o 
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•  TOOLS 
UNIT  III    ^  .^_jf 

UNIT  OBJECTIVE  . 


After  completion  of  thisUmt,  the  student  should  be  able  to  identify  tools  and  demonstrate 
maintenance  procedures!/  ror  these  tools.  This  knowledge  )n\\\  be  evidenced  through 
demonstration  and  by  Spring  eighty-five  percent  on  the  unit  test,  ^ 


SPE( 


IC  OBJECTIVES 


After  completion  of  this  unit,  the  stuOTnt  should  be  ^ble  to:       '  ^ 

A.       Match  t^rms  associated  with  tools  -to  the  correct  definitijons. 


2. 

3. 
4. 
5. 
6. 


Identify  th«  bgs!£ha"nd  tools  needed  for  maintenance  and  repay*  of-small 
engines.  ^^"^""^ '       •  . 

Identify  the  to^ls  usecf  for  overhaul  of  small^ngines.^ 

Ide-ntify  the  types  of  torque  wrenches,      i*  ^ 

Djscuss  maintenance  "procedures  for  tools.  ,* 

« 

Demonstrate  the  ability  to: 

a.  Grind  a  ^lat  tip  screwdriver. 

\  ' 

b.  Gr  nd  the  head  of  chisel  or  punch.' 

c.  Sharpen  c  chisel. 

d.  Repair  damaged  threads  usmg  a  thread  repair  kit. 

e.  •   Check  torque  yvrench  for  accuracy. 

f.  Replace  a  hanmer  handle. 
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TOOLS 
UNIT  III 


SUGGESTED  ACTIVITIES 

I.  Instructors^  - 

A.  Provide  .student  with  objective  sheet. 

B.  Provide  student  with  information  and  job  sheets. 

•  ♦  ♦  O  ft 

C.  Make  transparencies.  '  '  ^ 

D.  .  Discuss  unit  and  specific-.iibiectives. 

E.  Discuss  information  and  job  sheets. 

F-c    Demonstrate  and  discufs  the  procedures  outlined  in  the  job  sheets.  , 

G.  Show  examples. of  tools. 

H.  '    Make  available  the  manuals  and  'other  visuals  which  discuss  the  use  and 

care  of  tools.  *^  *  • 

I.  '  Give  test.  •    _  • 

II.  Student*     -  -  ' 

A.  Read  objective  sheet.  -  — ^ 

B.  Study  inform^tior^  sheet.  *      .  ^  - 
C     Cc  mplpte  job  sheets.     •                              ,      *  * 

D.    Take  test  '  ,  . 

IfNiSTRUCTIONAL  MATERIALS 

I.  '  Included  in  this*  unitf  •  .  , 

A.  .  Objec^ve  sheet  ^  - 

B.  '  Information  sheet 

C     Transparency  mastirs  ^  , 

1.       TM  1 -Basic  Han^d  Tools 

2:       TM  2-'Basic  Hand  Tools  (Continued) 

3.  '    Vm' ^- Basic  Hand  Tools  (Continued) 

4.  TM  4--Basic  Hand  Tools  (Continued) 


ERIC 


5,  TM  5-Basic  Hand  Tools  (Continued) 

6*.  TM  6--0verhaul  Tools 

7.  TM  7"0verhaLri  Tools  (Continued) 

8.  TM  8 -Overhaul  •tools  (Continued) 

9.  TM  9-OverhaGl -Tools  (Continued) 
10.  TM  10-Torque  Wrenches 

F.  ^  Job  sheets 

.  I.'*'  Job  Sheet  #1--Grind  a  Flat  Tip  Screwdriver  . 

2.  Job  Sheet  •#2-GTind  the  Head  of  Chisel  or  Punch 

_  1    3.  Job  Sheet  #3-Sharpen  a  Chisel   ^  ^  ' 

.     4.       Job  Sheet  #4--Repair  Damaged  Threads  Using  a  Thread  Repair 

Kit  ,       .  *  ^ 

•  * 

5.  Job  Sheet'Ws-Check  Torque  Wrench  for  Accuracy 

6.  Job  Sheet  #6--Replace  a  Hammer  Handle 


G     Test  _  '  • 

H     Answers  to  test  ^  . 

References:  *  t 

A.  American  Association  for  Vocational  Instructional  Materials.  Small  Engines 
Volume  7  and  J.  Athens,  Georgiar^AVIM,  1974. 

B.  Bear,  W.  Forrest  and  Thomas  A.  Hoerner-.Torc/ae  and  Torque  Wrenche^: 
St  Paul,  Minnesota.  Hoba^  Publications,  1971        '  I 
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TOOLS 

^  .  -UNIT  III  \ 

INFORMATION  SHEET  \  ' 

.    Terms  and  definitions 

A     Hand  tool-Tool  which  is  hand  held  and  is  not  elettrica!  or  specialized 

(NOTE:  The  majority  of,  the  repair  work  done  in  this  trad^  s%  done  with'' 
hand  tools.) 

•B.     Speci^ized  tool-Tool  designed /for  a  partijcular  use 

C.  Screwdriver-  Tooi  designed  for  tightening  or  loosening  a  screw  or  bolt  with 
\  a  recess  opening  in  the  head  « 

D.  Wrench- Tool'designed  to  tighten  or  loosen  boltsr  or  nuts 

E.  Pipe  wrench-Tool  used  for  gripping  and  turning  a'  cvdjndrical  object 

F.  Pliers-Tool  with  adjustable  jaws  used  for  gripping 

(  G.     Hammer-Tool^  designed  to  drive,  pound,  flatten,  orStj^e^an  object 

Basic  hand  tools  needed  for  maintenance  and  repair  (transparencies  1,  2,  3, 
4,,  and  5) 

A.     Basic  hand  tool  assortment 

1.       Hammers  » 
•5.     Ball  peen  -  one  pound  ^ 
b    •  Soft  face 


2  Pliers 


3.     Slip  joint 

b.  Diagonal  cutting 

c.  .    Lock  ring 

Needle^^se 
^      Snap  ring 
ff     V'se  grip. 
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INFORMATION  SHEET 


Screwdrivers 
a.   '^Standard  slot  type 


1 

4 

inch 

2. 

1 

1/^  inch  ^ 

•  3. 

6 

inch 

* 

4. 

8 

inch 

b. 

Phillips 

A 

1. 

1 

1/2  inch 

2 

6 

inch 

3 

8 

inch 

c 

Offset 

a. 

Clutch 

head 

4.  Wrenches 

a  Adjustable    -    ^    '  ,  * 

b.  Allen- Set  5/64"  to  1/4" 

c.  Open-end  set  including  3/8",  7/16",  1/2"/5/8"  and  9/16" 

d.  Torqu^Inch  pound  3/8  drive 

e  Combination  set  7/16"  to  7/8"  ^ 

f.  Open:end  s^t-Metric 


5        Center  punch 
6.,^'-^'''t!ord  chtsel 

7.  Universal  joint  *    .  ' 

8.  Reversible  ratchets 
a      3''8"  drive 

b.     1/4"  drive 

* 


INFORMATION  SHEET 
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^  ^  -<t 


1^ 


7  ' 


Socket  "set3 

a.  3/8"  drive  standard 

b.  1/4"  driva  standard 

c.  3/8*^  drive  metfic^ 


d      Spark  plug  deep--13/16"  by  3/8"  drive  and  SM'^by  3/8" 
'  ••  drive     ^  > 


10 


I 


F'eeler" 

a.  Flat 

b.  ^  Wire 

Parts^  scraper 


B*  'Other  tools 


\ 


.  1 

'2 
3. 
4. 
5  ' 
6 
7. 


Battery  clamp  ^9uller  • 
Battery  Kydrometer 
Battery  post  clobber 
Battery  sy  ringe' >^  ' 
Parts  clfearting  brOsh 
Wire  brush'        ,  n 


Parts  washing  container  ^ 

8,  ^  FulSneL  ' 

9.  Flywheel  holder-^  ' 
-70»       J^nition  French  "set- 

1  1         Thread  repair  msert 


Stant.JdrcJ*^  overhaul  to.o^e  (Transpar^ies  6,  7;  8/ anfl  9)  %  *.  ' 
*A     Boring  bfir        '  *  '         •    '  * 

B      nston  ring  expander 

»      *        t  t  < 

»  •  • 

'C     Piston  rinq /jroove  cleaner  •  "  '  -  , 
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.  INFORMA' 

E.  Punch  and  chisel  set 
>  '  • 

F.  Ridge  reamer 

f 

G.  Ring  compressor 
Hi  *Ring  groove  gauge 
I.  Steel  rule  *  6" . 
J:  Twist- drjH  bit 
'K.  Vai\/e  grinders 

.  a  Manual 

•  ,  b      Power  driven 

L  V^l^  lapping  tools 

 )  -  .  a      Wood  'fiandl^ 

b.    JCrank  handle 

M.  Vafve  seat  cutters 

a      Manual  * 
«.  » 

^       Power  " 

^     N  \/a^^/e  sprirjg  compressor 
« 

.  a      ^all  engine 

*  ^  b.     Lever  type  9 

0  Telescoping  gauge 

P.  , Micrometer 

Q  Valve  guide  reamer,' 

R.'  Pullers 
•  1  Beanng 

2.  flywheel 

S.  Cylinder  hone 


SHEET 


4 
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1     ■  ■     rNFORMATION  6HEET 


IV.  tdrqae  vvrendnes"  iTransparency  10)         ^      '  ^ 

'."I^'OTE    Th5S  IS  u  Click  Jyp^  wrench  which  signals  to  the  operator  when 

.  the  correct  torque  is  reached  )                                    '  * 

*B  i^^rc^cf-^e^j'n 

^                       ^  >'\lOiE    Thu  torrvj^'is  r^ad  dtrec^iy  frop  a  dtai  ind,icator  or  on  a  scaie^ 

*                    '                 ^  \  01^:  a  i^o^nvtr  :            .        ^                             •  ' 

^        -          .       •     V  jr  CP  [;rocei!i'res                                •        .                    .  ^ 


r 


♦ 


LC 


'  4 


"Rcrjrip^^  ^vorn  or  damaged  flat  blade  screwdriv^s 
D  s'.ard  u^iilips  screwdrivers  with  damaged  heads 

K^f^4')  *nu*^rs  clean  and  rust  free  ,     ^         '  ^ 


L 


^^■^J ?  ^     "^"^^-i-^  yrr*T\>j  ^^daes  shprp  and  snoot-l;i 

1^^:;      :  Keeu  ;)  lers  v/orkaig  ^freely  '       '  ^ 

R^r^iT  or  repiace  *{Jamaqe*d  handl^insuta'tion 

L     ^A-^iuS'iiblr  ,  're'>ci^  Ke^p  worm  gears  clea'n  ^nc>j|iibricated 

^  * 
D  tuOfS  i.Jcr^tj^ i/ois  by  iabeLjj^hem  with  an-€lectric'r:)enci!  or  scratch^ 

* 

KjCiTL'  ^Ar,  'ri^-r t'ttc.it^on  mark-Cdn  helf)  you  dTstinguish  between  your  tools 


* 
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BALL  PEEN 


BA'SIC  HAND  TOOLS 
Hammers 


9  ^ 


'  SOFT  PACE 
(RUBB€R  AAALLET),  ^ 


^crewd  rivers 


STANDARQ  SLOT  TYPE 


PHRLIPS 


OFFSET^^ 


N 


CLUTCH  HEAD 
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LOCK^ING 


4MEEDl,E  NOSE 


BASIC,  HAND  TOOLS 
(Continued) 

Pliers  ^ 


DIAGONAL  CUTTING 


VISE  GRIP 


.  JNA.P  RING 


ERIC 


7 


TM  2 
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,r  ■ 


•  .  BASIG  HAND  TOOLS 
♦  (Continued)' 

^  *     ^  WrencKes 


ADJUSTABLE  ih 


ALLEN 


1^, 


OPEN-END  » 


COMBINATION 


TORQUE 


•.CENTER  PUNCH 


•  REVERSIBLE  RATCHtT 


'  .COlD,CHISEL 


•71 


ERIC 


UNIVERSAL  JOINT  - 


5"  ^ 


/ 
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y 


BASIC  HANjS  TdOLS 
(Gontmued) 


partVscraper 

(Putty  Kfiife) 


Flot 


Wire  ^ 


r-^FEELER  GAUGES 


FILE 


c 


ERIC 


BATTERY  HYDROMETER 


.    "BATTERY  SYR INOe^ 


BATTERY  CLAMP  PULLER- 


HI 


X  BATTERY  POST  CLEANER 


#  o 


I  'M  4 


BASIC  HAND  TOOLS 
(Continued) 


WIRE  BRUSH 


PARTS  WASHING  CONTAINER 


FLYWHEEL  HOLDER 


FUNNEL 


IGNITION  WRENCH  SET 


PARTS  CLEANIh/G  BRUSH 


r  THREAD.REPAIR  INS€RT  /. 


\ 


ERIC 


PISTON  RING 
EXPANDER  - 
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OVERHAUL  JOOLS 


POWER  DRILL 


1  I 
I 


t  5 


DGE 
REAMER 


PUNCH  AND  CHISEL  SET 


(I 


BORING.  BAR 


^^^^ 


PISTON  RING  GROOVE  CLEANS?.. 


^7 


i 

TM  6 


9 
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4 


OVERHAUL.TOpLS 
(Continged) 


RING  GROOVE  GAUGE 


RING  COMPRESSOR 


,9 


«  •      «  JO  H  n  ' 

—  < 

-•5 

(  >  n  A«  it      «  t 

tl  W  M  M  II 

i'"r^'/  3 

M  M  1  i  f  I 

1  1  1  U  ii 

1  j  I  IT" 

iijiiiiiiiiiM 

ilillirili'^! 

ilililili 

STEEL  RUL^ 


TWIST  drill"  BIT 


Manual  ^ 

VALVE  GRINDER 


•"^Power  Driven 
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OVERHAUL  TOOliS 

(Continued)  Gra 

VALVE  LAPPING  TOOL 


Wood  Handle 


VALVE  SEAT  dUTTER 


Manual 


VALVE  SPRING  COMPRESSOR 


-Small  Engine 


IT 


Lever  Type^ 


ERIC 
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TM-S 


VALVE  GUIDE  REAMER 
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TORQU€  \M?EW€HeS= 


SQUARE  DRIVE 


COIL  SPRING  MEASURING  ELEMENT 

art 


^HANDLE 


SQUARE 
BLOCK 

Signaling 


MICROMETER 
TYPE  SCALE 


HEAD 


INDICATING  BEy\M    '  fsCALE 


SQUARE  DRIVE 


BEAM  OR       •  • 
-MEi^SURING  ELEMENT 


\ 


PIVOTED 
HANDLE 


POINTER 


Direct  Reading 
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.  '  UNIT  III  '  . 

JOB  SHEET  .#1--GRIND  A  F,LAT  TIP  SCREWDRIVER 

» 

L    Tools  and  materials 

A     Flat  tip  screwdriver  ' 

B      Bench  grirwjer  , 

C.    Water  tray 

D     Safety  glasses  «  ^ 

II  Procedure 

,  A.  ^  Put  on^safety  glasses 


1 


B     Adjust  clearanc^|pf  tool  rest 


I 


(NOTE  Proper  .clearance'* is  apjDroxirfiateiy 'one-eighth  inch  from  gnn^g 
wheel  )  «     ,  4  . 

Turn  on  .grinder  -         '        ,  ^ 


(NOTE*  Dress  grincftng  wheel  if  necessary 
D     Grind 'tip  of  blade  flat  (Figure  1) 


BLADE  TIP 


Figure,  i 


Bf^JCH  GRINDER 


-WATER  TRAY 


\  4- 


82A 


JOB  SHEET-#1 


E.    Grind  sides  of^  blade  to  manufacturer's  ariginal  specifjcations  (Figure  2) 


t: 


GROUND  mGHT      v  GROUND  WRONG 


Of 


PICTURE  2 


ll^     (MOTE*  Cool  tip  Tn  tray  t)f  water  often  ^hile  grinding  to  prevent  softening, 
'  of  the*^.^    •  '       ,     »     "  • 


s 
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TOOLS 
UNIT  III 


JOB  SHEET  =2  GRIND  THE  HEAD  OF  CHISEL  OR  PONCH 


1.  [. 


I     Tools  and  materials 

A    /  Cf^^^seL  and -'or  punch  t 

f^^        B    *'  Bench  ^r\n{\e{  ^  •       ^*  . 

•    .  -     C     VVate^  tray 

D     Safety  glasses  •         .  ^  . 

» 

'  A     Put  on  safety  glasses      '         -  *  *  * 

B      Adjust  clearance  of  tool  rest    '  -  '    '   .  ' 

^  A'OTE    Proper  clearance  is  approximately  or^-etghth  inch  frxDm  grinding 

C  on  qn-^der  i 

*•  ^NO^E    Dress  grindiny  vvhee''  if -necessary  > 

'  V  0     Gf'PC  a  bPvet  on  tne,  head  '(Figure  1) 

(CAUTION'  When  ^e  head  of  a  punch  or  chisel  is  mushroomed,  chips 
coL'i!^^  break  off  fJur%R]  use  causing  in^^|pp/*to  the'iher  ) 


HEAD  M-USHRQOM€D 


HEAD  PfeQPERLY  GROUND 


FIGURE  1 


V.  / 
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TOOLS 
UNIT  III 


lb 


JtB  SHEET  3^3-SHARPEN  A  CHISEL 


Tdois  and ,  materraJs 

,A.     Chi5el        <  ^  '  ^  (  ,     f'  r' 

B.     Bench  grinder 

C     W^ter  tray  *         •  ^  - 

D.    Safety  glasses  * 
* 

.Procedure  '  ^  •  } 

A     Put  on  safety  glasses 

D      Adjust  clearance  of  too!  rest  -  / 

(NOTE    Proper  clearance  is  approxinnatety  One-§ighth  inch  fron>  grinding 
*   wheel  ) 

*  C      Turn  on  grioder  ,  '  -  - 

D.     Hold  the  chisel's  cutting  -edge  against  the  grinding  wheel  with  very  little 
pressure     ^  •  ^ 

(NOTE  This  will  help  to  prevent  overheating  of  the  chisel's  cutting  ed^ 
Dip  the  chisel  ir^  the  water  frequentjy  to  cool  )  % 


\E      Grind  .tt>e  edge  on  a  slight  curve  (Figure  1) 

(CAUTION    Hold  the  chisel  vNith  a.  firm  ^jrip-durmg  the  grinding  process.) 


\ 


stockV^ 


FIGURE  1 


St 


r 


-CUTTING  EDG€ 
t 
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'.JOIb  sheet  #4-REPAIR  damaged  ffiFlEADS  USING 
•  ■  A  THREAD  REPAIR  KIT  '  •  ' 


Tools' 


A.   .SafetV  ^s^s 
B  .  -Thread  repair  kit 
C.  -  Prill-  motor  -  / 

Procedure  *         .  ,  ^ 

A,     DM!  out  old  threads  using  exact  size  drill  (Figure  1) 

'(NOTE.  Refer  to  instructions  provided  in  thread  repair  kit.) 

B     'Drjil  all  the  ^a^.  tl^ugh  an  open^hole  or  all  the  way'^to  bottom  of  blirrd 
iiole 

;i  .    ■    .  _  •       *  '  ■ 

(NOTE  Make  sure  hol^'is  straight  and  that  centerlipe  of  hole  is  not  moved 
-  in  driUmg  process  )  '  *  ^ 


f=IGUR5. 1 
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JOB  SHeET^#4 


Tap  out  drilled    holes  j^gure  2^\,  .  ,  '        ^       '    ^       ^  j 

(NOTE:  Speciaj'  drill  taps  ace  provijj|pd^  m  thread  repaid  kft  for  thrjej 
drilled  hole  to  Correct  size  for  Outside  of  thread,  insert.' A  standarf 
cannot  be  usedJ'  " 


FIGURE  2  ; 


D.     Install  thread  repair  in^Prt  using  appropriate -tool  (Figure  3) 

tNOTE    Special  tools  are  provided  in  thread  repair  k,it  for  installation  of 
'thread  insert)  ''  ,  *  * 


i  f 


J  1 


FIGURE  3 


ERIC  * 


Tools 

UNIT'lll 


JOB  SHEET  #5-CHECK  TORQU'E  WREWCH     OR  ACCU/^ACY 


.r 


'  ERIC 


1.  *  Tools  and  materials    .  '  ^  * 

^"   A\"  TDrque  "wVench  v.^^.-   -        -  - 

B.     Vise  ,  '  _  ^        '     ^  ,  • 

C      "Known",  weight   ,  .         J      ^  .  ^ 

(NOTE.  Weight  should  be  at'  least  one-third  tfiQ^  capacity  of  the  torque 
. wrench  )      '  ^       -  \  - 

^   0.    S|f.6ngf::ord        '     -       '  *  •      -  ^  » 

A  •  "  • 

H   f Procedure'  ,      '  t 

J  .  :    "   ■  ^    \         ^  .    ^^    ^  ' 

*    {.|\iOTE    Torque  wrenches  come  in  mch  pounds  arid  fo6t 'pounds.  Adjust  this 
[ob  -sheet  accordingly-  for  inch  pound  tOrque  wrenches. 

Pja^ce'torque  wrench  o*n  a  fix'ed  nut  t)r' secure  in  a  vise  (Figure  1) 

y  •  ^  * 

 r-     2  ft!   


FIGURE  1 


HORIZONTAL 


\50  lbs. 

A=  CENTtR  LINE-OF  NUT  B  =  POINT  OF -SUSPENSION  • 

B     Set  the  indicptof  to  "0",'jf  necessary  ,  '  ,  • 

C  Hart^  a  knpwn  weight  from  tjie  wrench  handle  at  the  center  of  the  hand 
^  .     gcrp  ar^a  (Figure  1)      •  *"  , 

Multiply  tfie  weight' times  the  distance  from.  A  to-B  (Figure  U 

E      Con^pare'  the  answer  to  the  indTcator  f^.eadmg  /  , 

'  -      "  •  .  <*  ' 

(NOTE  Using  the  exampl^  in  Figuf^^i;  50  pounds  x  2' feet  foot 
pounds  )     ^.  •»        .         ^    ^  ' '  |»     ,  ,  . 


i 

i 
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TOOLS 
UNIT  III, 


JOB  SHfET  #6-^f^EPLACE  A  l^MMEFr  HANDLE^^  , 


I. '  Tools  and  materials 

A,  y  Hammer  with  ^  braken  handle 


B,^Hacj<saw 

C  TwiSt  drill 

■8  Punch  • 

E  Rasp      ^  ' 

F.  Handsaw  ^  * 

G  So'"'i  faced  hamn-,e(j 

H  Vise 


l: 


^;]OTE  Cover  t^e  jaws  of  the  vise  with  sheet  metal  x)r'use  woi^d  blpcks 
^      to  orevent  damage  to  the  hammer  and  handle.) 


J^,    Sma'i  6'ece  ot  '.".ood  for  wedge 


Safety  -glasses 


A     Pia^e  the  hajpmer  head  in  the  vise    *  '  f 
^         Sav\        broken  handle  c!t)S^a^^jhe  hammer  he^ivvith  a  fracksaw  (Figure 


■  ■'r. 


'    -FIGURE  V 


ERIC 


X 


7 


JOB  SHEET  ir6 


Remove  the  wcfod  frgm  the  eye  by  f»rst  drilling  with  a  twist  drill  and  then 
punching  out  the  remainder  (Figure  2)  '  ' 


Place  the  new  handle  m  the  vise 

Work  the  new  handle  down  to  sJze  vvith  a  rasp,  trying  the  handle  m  the 
head  ff-equently  i Figure  3;  ^  •  . 


!      FIGURE  3 


•Make  a  TTut  across' ^He  ■lonrrd'StafnceTjf^t'he  too  o4  thetiancHe  to  •»  "drstanc-e- 
of  about  2/3  Jhe  deoth  of  tne  eve  using  the  handsaw  (Figure  4) 


Dri>^  ^t^p  hrif.die  f'tmly  m to  , place  ustng  a  sqfpaced  hammer  (Figur^  5) 

«  I* 


/ 


FIGURE  5 


JOB  SHEET  #6 


Make  a  thin  metal  wedge  and  drive  it  tightly  iQto  the  cut-in  the^end  of 
the  handle         *       "    '  *  , 

Place  the^  hammer  ir/the  vise  ^od  -use  a  h'acksaw  to  cut  off  the  handle 
and  wedge  extending  through  the  hB3d  -{Figure  6) 

,  (NOTE  ^If  steel  wec^s  ate  used,  the  end  6i  the  handle  need  nM  be  cut 
across 'th^  diameter  because  the  wedge  can  be  drrven  into  place  after  the 
handle'  has  beien  'eW  off  even.jA/ith  the  head.) 


FIGURE  6 


1  , 


TOOLS 
UNIT  ,111 


NAME 


•  TEST 


Match  the  terms^  on  *)e  nght  to  the  correct  definitions.  ^ 


a.  Tool  designed  to  drive,  pound/flatten, 
or  shape  an  object .  ^       '  : 

_b.  Too^    with    adjustable  jaws  lused  for 
gripping  *  * 


_c    Tool  designed  to  tighten  or  loosen  bolts 
or  rwJxs  * 


1. 
2. 
3. 
4. 


Pliers 
Wrpnch 
Hand  tool 
Hammer 


,  d.  Too^.destgned  for  tightening  or  loosening 
a  screw  or  bolt  with  a  recess  opening  in 
^Ui^^fiead 

e    Tool  designed ''for,  a  particular  use 


5. 

6. 
•7. 


.  Specialized 
tool 

Pipe  wrench 
Screwdriver 


 f.   Too!  which  IS  hand  held  and  is  not 

electrical  or  specialized  .  .    ^         '  * 

 Tool  used  for  gripping  and  turning  a 

QY^mdncal  object 

Idsntify  the  basic  hand  tools  needed  for  mamtenance  ^nd  repair  of  small^ngipes.^ 


T 


\ 


4.       Identify  the  types  of  toi<iue  wrenches. 
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b. 


Discuss  maintenance'  procedures  for^tools. 


/ 


ERIC 


J 


67^     Demonstrate  the  ability  to:  ^*  ♦  .  -        '  • 

a.  Grind  a  flat  ^tipu.screwdriver. 

b.  Grind  the  heact  of  chisel  or  punch. '  *  , 

,     '  /   *  ' 

c.  Sharpen  a  chisel,  v  «    ,  '  .  '  / 

d.  Repair  damaged  threads  usmg  a  thread  repair  kit. 

e.  Check  torque  yvrench  for  accuracy.  ;  '  i    ^  • 

f.  ^Replace  a  hammer  handle.^ 

(NOTE:  If  these  activities  have. not  been  accomplished  prior  to  the  test, 
^  ask  your  instructor  when  they 'should  be  completed.) 


>  ^ 
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•  TOOLS 
UNIT  III 


SE.-  105- A 


ANSWERS  TO'T^ST 


) 


a.  4    •  e.  f^- 

b.  1     •  f.  3 

c.  2.      .    •        ■  g.  6 

d.  "  7 

a.  Vise  grip  pliers 

b   *  Sjip  joint  pliers 

c.  Diagonal  cutting  pliers 

d.  ,  Soft  face  hammer  . 

e.  Phillips  screwdriver 

f.  Bali  peen  hammer 

g.  N^dle  nose  pliers 

h.  Standard  si'ot  type  screwdriver 

I.  Offset  screwdriver 

J.  Lock  ring  pliers 
\  * 

k.  Snap  ring  pliers 

1.  Reversible  ratchet 

m.  Open-end  wrench  •  , 

n.  Center  punch ' 


0.  ^  P'old  chisel" 


p.  Torqup  ^wrench  . 

qf  Combination  wr.ench 

r.  ^  Alfen  wrench 

s.  Adjustable  wrench 


^  Universal  joint  ^  • 

u,  "^Battery  post  cleaner 

V.  Socket 

w.  Feeler  gauge  -  flat 

x»  Parts  scraper 

V.  Battery  syringe 

z.  Feeler  gauge  -  wire 

aa.  Battery  clamp  puller 

bb.  File 

cc.  Battery  hydrometer  • 

dd.  'Thread  repair  insert 

ee.  Flvwheel  holder 

■  n  ■ 

ff.*  Igni^bn  wrench  set 


gr^b 

^ans  ( 


gg. .  Parts  cleaning  brush 

hh.  Funnel 

11.  '  Wire  brush 

jj.  ^  Parts  washir^g  container 

kk.  Clutch"  wrench 

II.  Clutch  head  screwdriver 


a. 

Manual  valve  seat  cutter 

<^ 

1. 

• 

Telescoping  gauge 

b. 

Ridge  reamer 

m. 

Twist  drill  bit 
• 

p. 

Ring  Compressor 

• 

n. 

Steel  fu\e  -  6" 

'  d. 

Piston  ring  groove  cleaner 

0. 

Bearing  puller 

• 

Power  drid 

p- 

Punch  and  chisel  set 

f. 

Piston  ring  expander  ^ 

^     .  q. 

Ring  groove  gauge 

g- 

Power  driven  valve  grinder 

r. 

Boring  bar  • 

h. 

* 

Lever,  type  valve  sprmg  compressor  s. 

Micrometer  \ 

i. 

Flywheel  puller 

t. 

Cylinder  hone  - 

)• 

Valve  lappipg  tool 

*  u. 

Impact  driver 

k. 
a. 

Valj^e  guide  reamer 
Direct  reading 

4 

b 

Signaling 

• 

Discussron  should  include 

a 

Screwdrivers' 

U       Regnnd  worn  or 

'damaged  flat  blade 

screwdrivers 

.  2)       Discard  phillips  screwdrivers  with  damaged  heads 

.  b. 

-  Pliers 

1)       Keep*  pliers  clean 

and  rust  free 

1 

2)  Keep  cutting  edges  sharp  and  smooth 

3)  ,     Keep  pliers  Working  freely^        "                       '  "      *  \ 

4)  Repair  or  replace  damaged  handle  insulation  '  .  , 
^                 \^                    ^                                .  '  ^ 

cf.     Adjustable^  wrench  -Keep  worm  gears  clean  and  lubricated  . 

d.     All  tools  -Identify  tools  by  labeling  themN^rth  an  electric  pencil  or  scratch* 


'awl 


Performance  skills  evaluafed  to  ihe  satisfaction 


or  the  in 


nstructor. 
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/  ■  MEASURING 
.\  *         '        UNIT  IV^ 


UNIT  OBJECTIVE'  ► 

t 


After  "completion  of  this  unit,  the  student  should  be  able,  to  read  and  use  a  plain 
micrometer,  a  vernier  caliper,  and  a  dial  indicator.  This  knowledge  will  be  eviderlfced  through 
demonstration  arjd  by  scoring  eighty-five  peFcent  on  the  unit  test.  ,  '      •  , 

.    -  SPteiFIC  OBJECTIVES 


After  completion  of  this  unit,  the  student  should  be -able  to:      ^    *  - 

1.  Match  terms  associated  with  measuring  to  the  fcorrect  defcnitions, . ' 

■  ^  A  •  '  • 

2.  tdigntify  measuring  instruments  used  m  small  engine  repair. ^ 

3.  List  four  |teps  for  reading  -fneasuring  instruments. 

4.  Nanie  three  basic  units  of  measurement  found  on  rules. 

5.  -Identify  the  major  parts  "of  a  vernier  caliper. 

6.  I  Identify  the  nnajor  parts'  of  -an  ootsicje  micrometer. 

7.  Discuss   the   proper   methods   for  checking  the  acctrracy  of  outside 
micrometers.  ,        '  ' 

w 

8'       Identify  the  major  parts  ofv  a  dial  indicator. 

9.  «     Arrange  in  order  the  steps  for  se-t  up  and  use  of  a  dial  indicator. 
10.        Read  plain  micronr>€ter  settings. 

11         Read  vernier  micrometer  ^ettmgs;      ,  ^     ^    ■  ' 

12.       Demonstrate  the  ability  to?     '      ^  ' 

a      Use  a  vernier  calipe)^  i 
*  b     'Use  a  plain  micrometer. 

c      Use  a  dial  indicator 
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•  M^SURING 
UJNITIV 

-        '        .      •  - 
4       "  SUGGESTED  AGTJVITIES 


Instructor  \        ,  '  '  -     ^.  -  . 

A  •  *  Provide  5;tudent  with  objectrve  sKeel.         '    •  ) 

B.  '  Provide  stud^nV  with^'^rPormation,  assigrrrhent  and  joS^sheets. 
C     -Make  "transparencies-  ^      \'  ^p^' 

D     Discuss njnit  and  specific  objectives.*  * 

%     Discuss  inforrpatiOQ,  assignment  and  j-ob  'sheets. 

F      Give  test  '        .         *    •  *  ' 

Student  '  ^    .  ^    '  * 

A,     Read  objective  sheet 

B      Stydy  informatton  sheet.  '     *  ' 

C.  Complete  assignment  and  job  sheets 
Take  test 

> 

INSTRUCTIONAL  MATERI'ALS 

Included  m  this  unit  •  •  . 

A     Objective  shee^T" 

B      Ir^forjnation  sheet  ^        .  ,     .  ^ 

C    '  Transparency  masters 

1*       TM*1  ^Measuring  lnstrumeqt§  '.-^    *  ' 

'I  * 

2      -  TM  2  Measuring  Instruments  (Cantinued) 

^      3  '  •  *TM  3  -.Units  of  Measurement 

4        TIVI  4  Vernier  Caliper  Parts   '  ,        '  . 

*  5      '  TM  5  Micrometer  Parts 

.6      .  TM  6' Checking  the  Micrometer  for  Accuracy  - 

*  7     '  TM  7  Dial  Indicator  Parts 


J  Of. 


8.     "^TM  8"Peading  a  Micrometer 
^*    ^'^'^9'  \    TM  9"Sleeve- Readings    ^       *  ^       ,  ^  • 

'        ^     10.       TM  lO-Overlay  A-Thimble  Sleeve  Readings, 

11*  '     TM.  11-Vernier  Micrbmete*  Readings  ^ 

f "   .  ^  ' 

^  ,  ^  TM  12  -t)v€fflay  B--Verniet  Sleeve  Readings  % 

^    O,. -^Assignment  sheets  ^     '^'^^     ♦  - 

1        Assignment  Sheet  #1--Read  the^Plain  Micrometer  Settirigs^ 

•  2        Assignment  Sheet  #2--Read  the  Vemie^  Micrometer  Settings 

*  E    ^Answers  to ♦  assign rnent  sheets  ^  \^ 

F    *Job  sheets  .  ^ 

'   1        Job  Sheet  #1-  Use  a  Vernier"  Caliper      .  \  / 

2.       Job  Sheet  #2-Use  a  Plaif^  Micrometer  ^  . 

3       ^'Job  Sheet  #3"Use^a  |^ial  Indicator      •  ^ 
i  * 

^  '    G.    Test  '  .        .  * 

H  ,   Answers  to  test  «       |  .  » 

II.  '  Reference  Armstrong,»lvan.  Auto  Mechanics,  Book  I  Stillwayr, Oklahoma '  Stat^^ 
*  Department  .of  Vocational-Technical  jEdfbcation,  1976. 


1%' 


/ 


,    '   'J,  ^       UNITMV    .  "   '  •  ' 

■     'information  SHEET  T         -  .    "  • 

*  m 

•Terms  and  definitions  '        ^  .  •  '         >  . 

A..    Steel  rule-- Low  precision  measuring  instrument  graduated  in  fractional  or' 
decimal  parts  of  an  inch     -  .  .  ^ 


Q  Graduation  -jyiarking  found  on  rules  and, scales  to  denote  unit  of  len'gth^ 
C.     Error- Mistake  li^,  the  reading  or  total*  measurement   ,  >*  ' 

r  ^  '  * 

D  ^  -  Reliable  measure  -Accurate  oc  true  measurement      *        .  ,  . 

E      Reference  point  -Star^ing  paint  of  measurenlent  Tor  both 'workpiece  and 
rwie  ^  ^  '    .  .  • 

F     /Vernier  caliper -Makes  accurate  inside  and  outside  measurements  to  within 
/ one-thousarVdth  of  an  inch,*  or  ^ne-hundredth  of  a  millimeter 

Measuring  instruments  Lised  m  small  engine  repair  (Transparencies  1  and  2), 

A     Rule     '  :  ' 

8-    'Vern-ie'-  caliper  *  ^ 

C  Micrometers 

1         Inside  •'  ■  L  .  ^ 


2  .  Outside 
3.        Depth  , 


*  . 


(NOTE  These  can  be  plain  or  .vernier, 'plain  mea'sures#to  thousandths  of  ,an 
inch,  vernier  t6  ten-thousandths  of  an  inch  )    .  * 

J 

D      Dial  indicator 

r      •   •  '        ,  ' 

E      Telescoping  gauge 

•    ■)  .    .  '  '  ' 

F      Hole  gauge 

« 

Steps  for  reading -rfieasuringj^struments 

A     Select  scale  of  the*required  units  # 

B      iTotai  the  nufuber^  of  giaduations 


C*  \"C(X*ht'*vvho!e  units  ^ 


.   INFORMATION  SI^EET 


^D,   ^Rejducfe  waduations.to  lowest  .terms 
•S^$i^.^n1ttt^of 'measurement 'founc^on  rules  (Tfansparency  3) 
A     Fr9ctionaf     '  ,  '  ' 


L 

'  ! 


Example.    '    l/S,  1/16,  1/32 
Br    Decimal    "  *  '  i 
' .    Example.      *  0.1,  0.01,  0^001 
G.     Metric  '  ^ 

Example        J  mreter  =  1m,  1  rfiillimeter  =  Vnuni 
Major  p^0^bf  vernier  caliper  (Transparency  41 
A.  '  F^ixed  \M/  '       /  ^ 

B     Movabfe  jaw  .  * 

C     Beam  *  •  ^  > 

O     QIamp  "    '        ^  ,       .   *.  . 

E     Clamp'  screws  .  , 

*"  #  •  * 

F.     Mam  sca^e     -  *       '  .  . 

/ 

•   Vernier  .scale    '  '        ^  * 

'      r     '     . .  ■  .' 

H     Adjustingl  nut       .     '  ^  ^ 

'  •  •    I  -  ■ 

Major  parts  of  an  ooJtside  micrometer  {Transparency  5) 


A 

Frame 

< 

Anvil' 

C 

Spindle 

D 

Lo9k 

E, 

Sleeve.N 

F 

Thimble 

G. 

Ratchet 

stop 

10b' 


INFORA/lATIOfsr  SHEET  ■  ' 

VII     Propter  ^methods  for  gheckmg  accuracy- af  outside  mcrotneters  (Transparency  6) 
^  ;A     0"    '1.000"  '         '  •  • 

1.       Close  spiadie  and  envil  together  '  ^  ,  *  *  ^ 

^2     \  Observe  zero  references  on  the  "sleeve  and  tllimble 
^  '8^.     More  than  one'  inch 

-•1         Use  a  s^nc^^b*ar  or  disc- tcr  check  the  mir^mum  capacity  < 
2        *bbservQ  zero,  references  on  the  sleeve 'an^tbimble 
VMh    Major  barts  of  -a  dial  ^clicator  (Trarlsparency  7) 


A 

Hot-fStny 

B 

'Dial-,   •  . 

■  -c 

Pyinter 

■ 

D 

^Plunger 

v.,  ■    \  ,,  .  .■    y  , 

Bezel 

F., 

Bezel  clamp*.  .     .          '  * 

.IX  -Set 

up  and  use 

df  a  dial  indicator       ,  ^  '^"^ 

*  A 

Secu''e  dial 

•indTc^tor  to  suitable  mtountmg -fixture^  ^ 

'  B 

Position  plunger  in  contact  with/surface  to  be  measured 

-6 

Preload  dial  indicator  ,  ^ 

(V 

^  ^(NOTE.  Pre-loading  is  accomplished  by  positioning  dial  mdicator  so  that 

plunger  is  depressed"  equal  to  two  fevolutioils  of  the  pointer  ) 

'    -  •*  ♦ 

D     Zero  dial^  ^-     ^      •  ^         .         '  -  .  ^ 

(NiOTC    To  zero  dial  rotate  bezel  until  zero  mark  is  in  Im'fe  wtth  end  of 
pointer  )   *  ^      '    .  •      *    •  , 

E**    Measure  work        ■  '  .  ."  , 


X  ,        INFORMATION  SHEET 


Reading  the*  plain,  mifpometer  5  (Transparencies '8,  9,  and  \10  [Overlay  A]^) 

Each,  numbered  /  graduation  on  the  sleeve  represents^  one-hundred 
thcKjsandths  of  an  inch  (0  100")  * 

,^^^jtti  '^rng.ll ,  gr^^^^^K^^  q^i  th^.  dae.\ig_J^t\Ayppn  tfip  nurnbered  graduations 
represents  twenty-five  thousandths  of  an  inch  (0.025")       *  /  ^  ^ 

C.     Eaeh  gradation  found  on  the  thinrfble  Represents  one  thousandtfi' of  an 
^      inch- (0.001 'V  '    '  '  ^ 

*  \  '  " '  ■ 

D     Total  reading  is  found  by  adding  the  three  values  , 

Example.        0  100       Number  on  the  sleev^ 

0.075      Small  gr<aduations  on  the  sleeve 

'     '     ^     ^0.015  /Gradi/atioas 'on  the  thirnble 
0  190      Plain  micrometer  reading 

T^eadmg  the  vernier  micrometer  (Transparencies  10  [Overlay  A],  11,  and  12 
[OverlayB])  '  .  ' 

A     Each    numbered    graduati^  'on    the    sleeve    represerffs  one-hundred 
'  thousandths  of  an  inch  (O.TOO") 

B      Each  small  graduation  on  the  sleeve  between  the  numbered  graduations 
represents  twenty-five  thousandths  of  an  inch  (0.025") 

'  -  •"         •       ^  •/ 


k. 

liO 
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MEASURING  INSTRUMENTS 


ri     *>  f  t  «     »  fi  M  «  • 


•    •    U  >•  W  M  It  I  I  I  IJ  II  «  J«  W   )♦  4    I    l{  W  14  M  M        4    I    li   ft  {«  {4  >l   j    4    I    II  If  It  |4  {I 

llltllliliil!ll!ii:,',iln;!!i;,;i^  ti^N'^.-ii  '''M'il.!.t!.'.Miitlih!iiiililiiij-,'.:..i[|.,i.i-iii',ii'.i 


>'  '  1  M  1  j  1  1  1  !  1 

1  !  1  ri  i  i  1  1  1  1  1 

■'■"■<'■  '3'' 

■  4' 

.5 

!lll(;':!...:/|(lhllll 

RULES 


OUTSIDE  AAICROAAETE1? 


.3^  ^ 


DEPTH  MICROMETER 


INSIDE  MICROMETER  « 


ERIC 


TM  1- 
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^EASUWNO'INSTRUMENTS 


6     5    4      3  2 

huliiilirilii 


J 


II 


6*5  4 


^"^   VERNIER  CALIPER  % 


2  1 


DIAL  IKDICATOR 


ItLESCOPING  GAUGE 


^1 


HOLE  GAUGE 

•   -1  ■ 
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,  ERIC 


rJ 


0  ' 


TM  2 


SE  -  119  A  . 


'J 


UNITS  OF  MEASUREMENT 


Decimal  Ruf^  - 


millimeter 


r 


I  centii^ieter 

■■  i 


I  ♦ 


Metric  Rufe 


. .  TJVI  3. 


VERNIER  CAtJPER  PARTS 


«  f 

CLAMP  SGR€WSr 


'Hi 
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•      .  ■     -     ,       ■         .        •  ,    .  .       •      •  •  .       \.  .  •  • 

MICROMETER  PARTS 


CHbLKINU  rWE  MICROMETER  FOR  ACCURACY 


CLOSED 


THIMBLE 


MATCHED 


REFERENCES 


1  .Inch  Micrometer 


1  INCH.STANDARC> 
TEST  GAUGE 


MATCHED 
ZERO 
REFEREhK:ES 


2  Inch  Micrometer 


SIEEVE  READI|>IGS 


0 


% 

1 

i 

1 

« 

I- 

■  ].- 

.  1 

1; 

8 


0 


1 

1 

1 

1 

1  xv 

[4^ 

CO 

m 


ERJC 


12  :'  ; 


THIMBLE  SLEEVE  READINGS 
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0 


20  ■ 


15 


10 


0 


erJc  '  > 


Overlay  (A).TM  10  . 


SE  ■  135  A 


00 

Sleeve  S 

CO 


 * 

• 

-  i 

0  12  34 

* 

"TTTtTTTTl 

♦  t 


VERNIER  MICROMETER 
,0  READINGS 


,0.4690 


Thimble 


0 


20 


Sleeve 


o 

CO 
00 

Oi 

CJl 

4^ 

GO 
N5 


■  or23i4 


10 


Thimble 


0 


20 
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04^97 


TM  If" 
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VERNIER  SLEEVE  READINGS 


...J" 


CO 
00 

CD 

CO 
N5 


f 


TM  12, 


• 

»  r 
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MEASURING 
•  UNIT  iV 


ASSIGNMENT  SHEET  #1-READ  TH'E  PLAIN  MICROMETER  SETTHMGS 

r 


Read  the  plain  micronieter  settings  below  and  write  the  cor.rect  answers  in  the  blanks 


provided 
t 


1 

2 
3 
4 
5 

e' 

7 


Answers 


-9< 


0  1234^6^8 

i;'  j;  M.|: 


1. 


3. 


-- L_ 

5. 


9 

10, 
1 1 

.13 
14 
15 
16' 
17 
18 
19 
20 


15  , 


18 


•l9. 


C  \    2  ^\ 

20. 
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MEASURING. 
UNIT  IV  . 


ASbl^^NMENT  SHeET  #2-READ  THE  VERNIER  MICROMETER  SETTINGS  ^  • 

Read  ttje -vernier  micrometer  .settings  below  and  .write  the  correct  answers  irv  the  blanks 
provided  -      _       '       .  •  *  • 


Answers 


•1. 
2 
3-. 
4  ^ 
5 
6 
•  7 
8. 
9 


V 


1. 


4=- 


,  T^il'I'MMlz 


3  4 


20 


•  — ^ 


}  3  4 


 r 

— —  f 

-  0 

-----t: 

20 

r 

r- 

15 

7  I 


---j4jTTT-T-T]rpp20 


6. 


<^  1: 


g  1 


10. 


I  <  S  S  '  10 


0  I 


— u 


0-       t        2  i- 


H —  s 


rrfrp-pn" 


»         2        .3  4  5 
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MEASURING 
UMIT  IV 


ANSWERS  TO  ASSIGNMENT  SHEETS 


Assignment  Sheet  #1 


'1.  0.871 
0.'226 
3.  0.184 


o'.z 


4.  0.291 

5.  0.086 

6.  0.023 


7.  0.500 


8.  0.342 

9.  0.047 

10.  0.125 

11.  0.61 3' 

/ 

12-  0.250 

13.  ,    0.'012  . 

14.  0.079 
i  15.  0.282 

16.  0.100 

17.  0.133 

18.  •  0.053 

■  19.  0:193  ^ 

•'20.  0.375  , 


m  4 


21.  .  0.049  . 

22.  0.058 

23.  ?  0,483  * 

24.  ,0.249 

25.  '  0.102 
Assignment.  Sheet 

1.  •0,4^678" 

2.  40.8388 
•3.'  0.4715 

4.  0.9453- 

5  '  0  2928 

6.  0  3101' 

7.  0.6383 

8.  0  3107* 

9.  '  0.3128 
10.  /0.5270 


MEASURING 
UNIT  IV  ^ 

JOB  5HEE,-T  #1--WSE  A  VERNIER  CALIPER 


Jool-s  and  materials  '  . 

A     Vernier  caliper  * 
B  Workpieces 

1.  *    Assol-tmept  of  fractional  drill  bn 

2.  Assortment  of  letter  size  drill  bits 

3        Assortment  of  machined  parts  "     -  ^ 

(NOTE-  All  work  pieces . shoujd  be  numbered  or  lettered  foe. 
'      ^  '  reference  )    ^  - 

Procedure  .         .  *  '  ' 

A     Select  workpieces  that  are  smooth  and  free  of*  burrs,  nicks,  or  dents 

B      Clean  inside  faces  of  caliper  jaws  ^  - 

C  '  Cheok  vernier  caliper  at  zero  reference 

^,^..,S)^en  caliper  greater  than  thickness  of~part  to  be* measured 
E      Hook  end  jaw  over  part  to  be  measured 
F'    Slide  movable  jaw  into  contact  with  part 
G     listen  damp  screw  on  fi^e  adjustment  nut 
H     Mate  fine  adjustment  with  fine  adjusting  screw  if  necessary 


I    ,  Tighten  Ojlamping  screw  above  vernier  plate 
J      RempOe/cahper  frdTn  work  carefully, 
K     Read  caliper 

^  L      List'  reading  according  to  letter  or  number  on  workpiece 

Return  vernier  caliper;  to  correct  storage  place 
N     Hand  in  the  listed  readings  tc^  instructor  for  evaluation 


SE  -  147- 


»  MEASURING 
.  ■  UNIT  IV 


'  JOB  SyEET  #2-LlSE  K  PLAIN  MICROMETER 

\     Tools"  and  materials  • 
A.     Micrort^ters,  plain  ^* 
1.  .^0"  -  1  OCIQ"  size  . 
2  *   '1.000"  -  2.000'\  ^ize 
^.B.     Lathe  or  vise^* 


C  Workpieqes 

/         ^  1         New  /ractionai  drill  bits,  assortment  of  5       <  ^ 

„  2  '      New  letter  size  drill  bits,  'assortment  of 

^  3       '  Pieces  of  metal  such  as  cold  rolled  stock,  machined  parts, 

hardened  dowels,  assortment  of  5 

'(NOTE"   All  workpieces  should#be  numbered  or  lettered  for 
reference  ) 


V 


1 1.    Procedure  -  *  ;  ^ 

A     Select  workpieces  that  are  clean  and  free  of  bur^s.  nicks,  or  dents  ^ 

B      Select  the  proper  size  micrometer  for  the  workptece       -  > 

C.     d^lean  the  spindle  and  anvil' of  the  micrometer  (Figure  1) 


FIGURE  1 


CLEAN  SWNDLE  AND  ANVIL 


Cloth  or  Paper 


S 


1 


s 


JOB  SHE^T  #2 

D.    (Jheck  .the  mierometer  at  zero  reference  * 

Hold  the*  micrometer  according  to  the  type  of  workpiece; 

'1.      .IHold  the  micrometer  in  the  nghx  hand  and,,the  workpiecejj^he 
>eft  hani;!  to  iVieasure  a  non^tionary  object  (Figure  2}'  m 


FIGURE  2 


MONSTATIONARY' OBJECT 


Hold  the  micrometer  in  both  htinds  to  measure  a  stationary  object 
(figure.  3)    "  *         -  , 


FK5UR£:*3 


STATIONARY  OBJECT 


.1 
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JOB  SHEET  #2 


/ 


'(NOTE:  Roll  micrometer  along  pa^m  of  hand  or  forearm  for  quick 
idjustment,  See  Fi^r^  4.) 


ROLL  FOR  QUICK  ADJUSTMENT 


Place  the  micrometer  directly  over  the  center  of  the  workpiece  to  be 
measured  (Figure  5) 


FIGURE  5 


WORK  BACK  AND  FORTH 
TO  FIND  TRUE  DIAMETER 


•^^  'J 


ERIC 


1 
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JOB  SHf  ET  #2 


G.  Turn  the  thimble  of  the  micrometer  until  the  anvil  and  sp?ridle  contact 
the  workpiece  ... 

.       :^  '  ^ 

H.  .Hold  the  anvil  steady  .and  moye  the  spindle  lightly  over  the  woTkpiece  toi 

focate  the  true  centerline  ' 


(NOT^  See  Figure  5  on  the  preceding-  page.) 


I.     Use  ratchet  stop  or  light  sense  of  feeJ  to  determine  exact  measurement 

J.     Observe  micrometer  readir>gs'     .  *  'J^  . 

.(NOTE:  Spindle  lock  can  be  turned  to  hold  measurement  if  micrometer 
must  be  r-emoved  from  workpiece.  Spindle  must  be  unlocked  before  resettirig 
to  a  new  measurement.) 


k.     List  the  readings  according  to  th^  letter  or  mjmber  on  the  workpiece 

L-     Return  (jthe  m/cromejer  to  its  correct  storage  , 

(NOTE:  Thw^spindle  and  anvil  of  the  micrometer  should  be  left  open  when, 
stored.)  '  -  * 

M.    Hand  in  the^i&ted  readings  to. the'  instructor  for  evaluation 


/ 


r  . 
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MEASURING 
UNIT  IV 


SE  •  151-A 


JOB. SHEET  #3-USE  A  DIAL'  INDICATOR 


ERIC 


I.    Tools  and  materials ' 

A.  Dial  indicartor  -  '  ^ 

B.  w  Dial  indicator  holder  ' 

C.  Magnetic  base  '  ^     '  ^ 
*  D.    V  blocks  -  2                 ^  - 

E.     Appropriate  assortment  of  machined  parts  «     *  • 

(NOTE:  All  workpieces  should  be  numbered  oK  lettered        reference.)  / 
II.    Procedure  .     •     ^  ^  4  . 

A     Select  workpieces  that  are  cfe^  and  free  of  teurc*,  nicks,  or  dents 
B.     Attach  dial  indicator  to  holder 

'  ■   ^'  -0^ 

*C.     Secure  holder  to  work  surface  ;  •  »  ^ 

D.  Mount  workpiece  according  to  type  of  measurement  to  be  made  (Figure 


FIGURE  1 


E.  Position  holder*  So  that  dial  indicator  p^uftger  contacts 'wCrkpiece 

F.  Adjust  holder  so  that  pljjnger  is  dep(^ssed  two  revolutions  of  pointer*  and 
tighten  ht)lder  »         '  ,^  '  ^ 

G.  Rotate  bezel  untij  the  zero  qnarking  fs'in  line  with  pojnter 


ft 


13C 


«   job'  SHfe€T  #3 


\ 


H.  '  Measure  workpieCe  for  taper,  concentricity,  and  run-out 


1.     1-ist  readings  accordintf^to  the  letter  or  number  on  the  yvorkpieq.a;> 
J.     Disassemble  dial  indicator  and*  holder  and  return  ^to  the  correct  storage 


.K.,  'Hand  in  the  lifted  readings  to  the  instructor  1or  evaluation 


C  ' 


Q 


< 


0^ 


I' 
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MEASURlNtS 
UNIT  IV  - 


'TEST 


NAME 


S€  •  153- A 


V 


MatcH*^the  terms  on  the  right  to  the  correct  definitions. 

a.  Ldy/   precision   measuring  ^  instrument 
^  ,    .   vgrerdueted  in  fractional  or  decimal  parts 
of  an  inch  • 

 b.  Marking  found  on  Vtites  and  scales -to 

'  denote  unit  of  lerigth.^ 

^  ^cf;  Mistake    in*,  the    reediog    or  total 

measurement- 


ate  or  tru«*  measurement  ^ 


ig  pojnt  of  tneasurement  for  both# 
piice  and  cule        »•  '    -  ^  . 

•l        f.'  Makes '  ^cgrate  ''inside^  and  *  outside 
•  '  measurements  to  witKfn  one-thousandth' 

'  -of^tan   inch,  or  one-hundredth  *of  a', 
>      '  ^     '  f  oriillitneter 

2.       Identify  measu^i^g  instruments  used  in  small  engine  rApaij. 

.•■         -    J-       .  ■  ■    ^  • 

•itti»ftnMi||    »nit«,i     K       rift  »i  •        **  " 
«  K  u  I*  te  M  n  ,40  jummuM'         ui«}«}»m     4  •  u  i^ki*  hi  i  «  i  ii  m  i*  i*  ii 

■l^7u.iffil■[;h^'^lh^!^l1iJ■ft1l.^>!l^l.!'^^l!H-J,hl.■^ 


1. 

V 

Graduation 

2. 

J^eliable  measure 

3. 

Vernier  Caliper  ^ 

4. 

» 

Steel  rule 

5. 

/Reference  point 

Error 

4  1 

#  V 

/ 

1 


3  - 


0   »  . 


dr. 


b. 


V  ■ 


4=-.  J          •  »  -'. 
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Identify  the  rpajor  parts  of  a  vernier  caliper» 
 1 


Discuss  the  proper' metho(^6  for  checking  the  accuracy  of  outside  micrometers. 

*        •  •  •  '*  . 

a.     0"     )  000"  '  ^ 


V 


b.     More  than  one  inch 


SE  -  157-A 
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8.       Identify  the  major  parts  of  a  dial  indicator. 


a. 
b. 
c. 

-e. 


9.       Arrange  in  order  the  steps  for  set  up  and^  use  of  a  dial  indicator  bV  placing 

the  correct  sequence  number  in  the  appropriate  blan'k.  , 


_a.  Pre-load  dial  indicator' 
b.  Measure  work 


 ^c.  Position  plunger  m  contact  with  surface  to  be  measured 

 d.  Secure  dial  indicator  fo  suitable  mounting  fixture  , 

 ^e.  Zero  dierf  ,         -   " .       '  .1 


.  f 


U2 


158  A 


10.       Read  the  following  plain  microhneter  settings. 


0  1 

c  4 1  Lt 


—  10 


Answer : 


11.       Read  the  following  vernier  micrometer  settings 

10 

.5 
0' 
20 


Sleeve 


o  

CO   

oo  

"^ij  

0>^3=  

cn  

^  

w  

fv>  ' — 

o  

0  1  2  3  4 

■"'r  ^:^^:! 

....  1 

Thimbfe 


Answer* 


12.       Demcynstrate  the  ability  to:    *  ^ 

a.  Use  a  vernier  caliper. 

•  » 

b.  Use  a  plain  micrometer. 

c.  Use  a  dial  indicator.  ^ 

♦     (NOTE:  If  these*  activities  have  not* been  accomplished  prior 
your  instructor  when  they  should  be  completed.) 


to  the 


test,  ask 
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MEASURING 
UNIT  IV  " 


ANSWERS  TO  TEST 

1..  •    a.  4  d.  2 

b.  n        '  e.  5 

'  c.  6  f.     3  . 

2.  a.  Rule 

b.  Outside  micrometer 

c.  Depth  micrometer 
%     cU-  .  Inside  micrometer 

e.  Vernier  caliper 

^.  Hole  gauge  ^ 

g.  Dial  indicator 

h.  Telescoping  gauge 

3.  '  a.  Select  scale  of  the  req'ui»^d- units 

b.  Total  the  number  of  graduations 

c.  Count  whole  units 
tf.  Reduce  graduations  to.  lowesf  4erms 

4.  a.  Fractional 

b.  "  Decirftal 

c.  Metric 

5.  a.  Fixed  jaw  ^ 

b.  .  Movable  jaw 

c.  Vernier  scale 


Hi 


160- A 


6. 


^  9. 


r 


d.  Adjusting  nut 

e.  Main  scale 

f.  ^  Clamp  * 

g.  Clamp  screws 
l>  Beam 

a.  Frame . 

b.  <Anvil 
Spindle 

d.  Lock 

e.  Sleeve 

f.  Thimble* 

g.  Ratchet  stop 

Discussion  should  include:  >. 
a     0"     1.000"  '  ■ 

1)  Close  spindle  and  anvil  together  ,  ^ 

2)  Observe  zero  references  on  the  sleeve  j&r^  thimble 
b.     More  than  one  inch 

1)  Use  a  standard  bar  or  disc  to  check  .the  minimuni- capacity 

2)  Observe  zero  references  on  the  sleeve^jfld  thimble 


a.  Housmg 

b.  Bezel 

c.  Plunger 

d.  Dial 

e.  Pointer 
Bezel  flamp 

a.  3* 

b.  ,  .5V 

c.  2 
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ENGINE  IDENTIFICATION  AND  INSPECTION 
UNIT  I 


UNIT  OBJECTIVE 


After  completion  of  this  unit,  the  stutlent  should  be  able  to  distinguish  between 
characteristics  of  a  four-cycle  and  a  two-cycle  engine  and  list  types  of  information  which 
may  be  found  on  an  engine  nameplate.  This  knowledge  will  be  evidenced  through 
demonstration  and'by  scoring  eighty-five  percent  on  the  unit  .test. ^ 


SPECIFIC  OBJECTIVES         .  - 
After  completfon  of  this  unit,  the  student  should  be  able  to: 

4 

.1.      .Match  terms  associated  with  engine  identification  and  infection  to  the 
correct  definitions. 

2.  Distinguish  between  \he  characteristics  of  a  four-stroke  cycle  engine  and 
a  two-stroke  cycle  engine.' 

3.  List  three  types  of  information  which  may  be  found  on  the  engine 
nameplate. 

4.  Select  engine  information  which  may  be  determined  from  the  operator's 
instructions  and/or  inspection  of  the  engine. 

5:       Identify  the  operating  positions  of  the  crankshaft. 


6.       CorTtplete  an  engine  information  form. 
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JNGINE  IDENTIFICATION  AND  INSPECTION 
UNIT  h 


SUGGESTED  ACTIVITIES 


L  Instructor 


A.  Provide  student  with  objective  sheet.      '  , 

B.  Provide  student  with  information  and  assignment  sheets. 

C.  Make  transparencies.  •  * 

D.  Discuss  unit  and  specific-  objectives. 

E  Discuss  information  and  assignment  sheets. 

F.  Discuss  decoding  of  serial  numbers.  * 

G.  Demonstrate  differences  and  types  of  engines. 

H.  Prit*it  out  location  of  informatiqti  and  nameplate. 

J,  Show  examples  of  different  .operating  positions  of  the  crankshaft.  ^ 

J.     Have  operators  mstrwction  booklets  for  engines  available  for  use  by  the 
class.'  ,  -  ( 

4 

K.    Give  test. 
1.    Student-  '  '  ' 

A.  Read  objective  sheet. 

B.  Study  information  sheet 

C     Complete  assignment  sheet 

s 

D.  Examine  different  types  of  engines. 

*      "       •  ^ 

E.  Locate  information  on  nameplate. 

F.  Take  tesi.  :     •  '  ^.  . 


ITJSTRUCTIONAL  MATERTT^S 


Included  in  this  unit: 
A    jObjective  sheet 
B.     Information  sheet 


US 


4-B 


C.  Transparency  masters 

^  .  1.       TM  1  "Engine  Type  Identification 

^'2.       TM.  2-Nameplate  InforrrrStion  -  • 

3.       TM  3-Operating  Positions  of  Crankshafts 

D.  Assignment  Sheet  #1 -•Complete -Engine  Information  Form 
B:    Test  - 


F.     Answers  to  test 


r 


II.  Refererlces: 


A.    Small  Engines.  Voliune  I.  Athens  'Qeorgia:>American  Association  for 
Vocational  Instructional  Materia+s, 

■  ■  ■     I  . 
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.ENGINE,  IDENTIFICATION  AND  INSPECTION 
UNIT  1^  • 


informatpon.sheet'  .       •  . 

Terms  and  definitions  .  ■ 

A.   ^Combustion  c.haqrjber-Area  between  the  piston  and'cyhnder  bead  when  the 
piston  is  at'  the  top  of  its  stroke  jf 

(NOTE'^^lt  IS  in  ihis^  area  where  ^e  compressed  fuel  mixture,  is  ignited 
anti  burned.)  *       '  *       •  " 

B      Crankca^-Housing  for  the  crankshaft  and,  other  'related  internat  parts 

C  *  Cycle-'Completion  of  a  series  of  events  to  produce  a  power  impulse 

D     Exhaust  port-Opening  to  the  oi^tsirie  of  the  combustion  chamber  ^fdr  the. 
release  of  exhaust  "gases 

E    "  Intake  port -Opening  into  the  combustion  chamber  for  the  intake  qf  the 
fuei-air  charge  '     *  " 

(NOTE    This^^  also  caiied  the  'transfer  port  -on  some  engines.)      "  ^ 

F      Four-stroke  -eyefe  engine  - Engine  desigr>  which  develops  a* power  stroke  every 
other  revolution  of •  the  crafikshaft  ^.  '  , 

G     Two  stroke  cycle  er^gi^:ie--Engine  design  permitting  a  power  stroke  ©nee  fy 
each-  revoiutidn  of  the  crankshaft  ' 

Nameplate --information  plate  attached  by  the  mandl^turer  giving  thefr 
♦     name, .-the  engine  make,  model,  sena^l  number,  and  other  information 

Characteristics  'of  four-stroke  cycle  and  two*stroke  cycle  engines  (Transparency 
1)  ^  .  ^      •  •  . 

A      Four  stroke  cycle  engine  .  .  c 

>t        ,      -   '  ^  '  * 

1.  Has  an' oil  spmp  and  possible  &fl  filter 

- 

,   *2  Exhaust  muffler  connects  at  the 'head  of  the  engine  cylinder 

*  ,  3  Carburetor  will  'alway^  be  onr^oV  near  the*cylinder  head 

4  Compression  resistance,  is  felt  ever^^L-^her  revolution 


INFORMATION  SHEET  .  '  • 

-  B.    ,^0-stroke 'cycle 'enqine..* »  ^  ^ 

.  _    1.        Does  not  iiave  an  oil  sump  and  oil  filter 

 ^  \ 

2.     '  Exhaust  por^  «>•  about  fiiTrfpwH^n  the'cVlinder 

3;       CWburetor  may  be  located  at  the  base  of  the  cylinder  0r  on^he 
boHorn  or  side  of  the  craTikcase 


H".  '  ^  Compres8ior\  resistance  is  felt  every  r^olution  I 
fit 

formation  which  may  be  found  'on  the  engine  nanieplate  (Transparency  2) 

Make  of  engine,  or  name  ofythe  ^manufacturer 

^\  ^ludoi.  number  -  • 

t'-NOTE  'Sins'^lisuallv  (jtves-nhe  h^sepower  and  may  give  the  type  of 
\l  c^dnl-^cj^e,  jccessortes,: Of  modifications.) 


nu  mbers 

includinc 


Iclv-nr-f^lion  ni 

(\OTE    Manijif.Kturers  add  <Ji^ferent  typgs  of  infcjtfgiation  ir 

^Xfo}^^'  arnl  -orsofjovxer*)  '  *  ^  * 

Efv^inr-  ?nfc)f.a\v^'t>^^  W^xb  ma^  be  determined  frl3m  the  operatorVinstruct^ns 

^ V     •    '  "  ^;  /  ^    '  - 

,     1*        r...f*^e       :'f|iiuV7U'nt  manufacturer 
2    '     Add?.^ss  of  .f.iii.ioment  mabuf^acturt^r 
B      i;r;i}ratinrj  [)c^,tK}n  -)(  \hc  crankshaft  (Transpar'^ncy  3)         ■        '  " 

D      \\o<\<-\  cnr,  oth'^!  numbf*rs 
E      Tv<)^*'J  u'      c'>ssonos  -itid  major  units 

Qpt^'-ritif^i]  ;;osirinns  of  tno  cranksi-aft  (Transparency  3) 


ENGJNE  TYPE  .ipgNTIFICATION" . 

:rr-i|^|^     '^^^CYUNDER- HEAD^. 


MURFLER  AT  END 
OR  CYLINDER  .  ^ 


CYLINDER 


^   ^.Four-Stroke  Cyd^       ,  • 

INTAKE  AND.4XHAUST^6tA  AT  TOP  OF.cVlINDER' 


7\  ^   Tx^^tVoke  Cyde^    .  . 

INTiVKE  And  EXHAUSY  BOTjIe^AlDWAy -pN  CYLINDER 


NAMEPLATE  INFORMATION 


SE  -  9-B 


T 


MODEL^H 

1    SERIAL  ^^^BHH 

■1 

SIZE  HB 

■HMB  SPEC  I^HM 

^^^H  NO. 

OPERATING 

INSTRUCTIONS 



TO  STAUT  ENGINE  - 

4  MH««                tM.ii    .par.  >w.<> 

TO  STOP 

ENGINE  - 

CAHE  IMPHOVtS  S€R  ICE, 

IIEDU<^^^  REPAftS- 

FOUR-STRQKE  CYCLE  ENGINE 


NAME  PLATE- 


IJACOBS^l* 


.     FUEL  I        ■  MIXTURE  j 

I  4  PINT  JACOtSIN  Oft  TO  »  GAUON  tfOUlAl  GA$OUNI  MIX  1 
eTHOIOUGHlY  \  | 

\   CHt«  *Ull  SUPP^t  A  OWirHUIl  TANK  SHUTOff  VAl-f 
OP^N  IHtOTllTAND  MOVI  CHOIt*  l«Vlt  TO  CHOMf 

^•SI^N  IMOWlXl^JlS   M<}»1  CHOKI   10  »UN  fOSIIlON 


TWO-STROKE  CYCLE  ENGINE 


ERIC 


'  J53  '\ 


TM  -  2 


.  HORIZONTAL 
CRANKSHAFT 
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0 


OPERATING  POSITIONS 
OF  CRANKSHAFTS 

MULTI-POSITION  CRANKSHAFT 


VERTICAL 
CRANKSHAFT 

V 
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.ENGINE  IDENriFICATION  AND  INSl^ECTlON 
:   UNIT  I  ^' 


ASSiGNI\^ENT  SHEET  #1-'GpMPLETE  ENGINE,  INFORMATION  FORM 

"        '  .  ... 

Complete  the  following  engine  information  form  by  looking  at  an  ejigine  and  its  operator's^ 

manual,  '        '  a' 

,  '        ,  '.  '  .  .  '  , 

•     .  •  .  '   ,     .  i- 

GENE.f?AL  If^FORMATION-."   J  ^    * 


NAME  OF  EQUfPMEMT.  (ON 'WHICH  ENGINE  IS^MOUNTED'I 


>fNAMB  AND  ADDRESS  OF  EQUIPMENT  MANUFACTURER  '  -  ') 


NAME  AWD  ADDRES§  OP  ENGINE  MANUFACTURER'  ]_ 


K      .  ■  ■ 

operating  position-  of  crankshaft:  verticali_j_,  horizontal. 
multi-posItion^-  .        •      ■        .    .  '  -        -     '  . 


ENGINE  CYCLE:' 2-Cycle  4-£i^?cle__l 

MODEl,  NUMBER,  OR  NAME       .  ' 
SERIAL  NUMBER-         -  . 


SPPCIFICAT'O.N  NUMBER         '/  "  ,   

TYPE  ,\'UMBEP      •  '    /  *  '  ■ 


'  ASSfGNJ^ENT  SHEET  #1  . 

Types  of  accessori/es  aad  major  units'     '  '  ^ 
'Carburetor  air  cleaner   oil  bath   .oiled  filter    j  '  ,  dry  filter 


Fuel  strainer:  copibinetion  screen  and  sediment  bowl 


,  screen  inside  the  fuel  t^k 


Crankcase.  breather,  r^ed  valve 


,  floating  disc  valve 


Starter:  rope-wind 
electric,  DC 


,  rope  rewind 


wind  up 


,  electric,  AC 


"^"^^S^ition  system'  flywheel  magneto.      ,^    ,  external  magnet   bat 

Fuel  pump   mechdnically  driven   ,  differential  pressure  driven 

Carouretor    float  suction  lift  ,  diaphragm   . 


Oovernor    air  vane 


,  centrifugal  <  * 


"  _   S^ipe  and  ndinienance  specifications: 


Pu^-  Octane  number   .  Mixture  of  oil*  and  gasoline. {2  cyelemAmolint^of  oil 

^  galiop  of  gasoline)  'V4  pint  ^  1/2  pMt   ,  other   . 


per 


Oi!    SAE  grade    5  VV   

SAE  ^0-\\i'30        '  ,  Cia5Sificati6n.  ML- 


?A^10  W 


SAE  2p  W  _^  ,  SAE  30 

MM  ,  MS  ' 


3aQ  setting  .020".  .025",  other 


igr.iNor  *»''ej<er-oo^t  gap\  .312"  ;       .015"   othet 


SD 
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ENGINE  lOENTIFKiATION  AND  INSPECTION 
UNIT  I  . 


TEST 


NAME 


1.       Match  the  terms  on  the  right  to  the  correct  definitioRS. 


a.  Area  between  the  piston  and  cylinder  1.  ^  Nameplate . 
head  when  the  piston  is  at  the  top  of  ^  *  ^ 
Its  stroke        '  '  ■    '  A*  2*.       Exhaust  port 


b.  Information    plate  '  attathed    by    ^he     ^''S.i*  'Combustion 


manufacturer,  ^ving  their  name,  •ithe 
^engine  make,  model,  serial  n^jmber,  and 
othef  information 

_c.  'Openmg  into  the  combustTon  chamber 
for  the  intake  of  the  fuerair  charge 

_d.  Engine  design 'which  develops  a  power' 
stroke  every  other  revolution  of  ,  the 
crankshaft 

_e.  Completion  of  a  series  of  events  to 
produce  a  power  impulse 

_f.  fOoening  to  tne  outsfde  of  ^  the 
comburic^chaFPber  for^he  F^elea<ie-of 
exhaust  gases 

_q  Engine  design  permitting  a  power  stroke 
fence  •  for  each  revel ytion  *of  the 
crankshaft 

h.  Hoi'smg  for  the  crankshaft  and  other 


5. 

6. 
7. 


chamber 

Crankcase 

f  wb"Stroke 
cycle  engimr 

Intake  pTort 
> 

Four-stroke 
cycle  engine' 

Cycle 


related  internal  pdrts 

•  *■ 

*»  ,  • 

Distinguish  between  the  characteristics  of  a  four-stroke  cycle  engine  and  a 
two-stroke  cycle  engme  by  placing  an  "X"  next, to  the  characteristics  of  a 
four-stroke  cycle  engine.  ^ 

'  s  a.  Carburetor  will  always  be  'bn  or  near  the  cylmder  Head  . 

.  b.  Has  an  oil  sump  and  possible  oil  filter  .  ' 


\_ 


c.  Compression  resistance  is  felt  every  other  revolution 


^  d.  Exhaust  port  is  about  mjdpomt  on  the  cylinder 


e.  Compression  resistance  is  feJt  every  revolution 

f.  Does  not  have  an  oil  sump  and  oil  filter* 

g.  Carburetor  will  always  tie  on  or  near  the  cylinder  head 


List  three  types  of  information  which*  may  be  found  on' the  engine  nanr^eplate. 
*  • 

b..  '  _v   ^        \.  *  .  * 

c. 

Select  engine  information  which  may  be  ^determined  from  the^^bpef»U>«^^ 
instructions  and/or  inspection  of  the  engine  by  placing  an  "X"  in  the  eltDpropriate 
blSq^s. 

 a.  Engme  cycle  •  ^   

 b.  Model  and  other  numbers  - 

 c.  Service  and  maintenance  specifi.cations  ^  . 

d.  Pairit  specificatidns  on  engine ^block^ 


e.   Diameter  of  wi-re  on  high  tension  leads 


f.   Operating  position  of  the  crankshaft  .     ,  ^ 

— — ^      .   .  ^  '    ' 

 g/^'Breaker'  paint  weight 

'  V 

Identify  the  operating  positions  of  the  following  craVjkshaft'S.  - 


1 


ISr  ■  17-B 


Complete  ,an  englfie  information  form. 

•  « 

(NOTE:. If  this  activity  has-not  been  accortipli^hed  prior  to  the  test,  ask.  your^ 
mstructpr' when  ft  Should       ebmpleted.)    .      .  •  - 


/ 
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ENGINE  IDEtJTIf=flCATION  AND  INSPECTION 
•  .  I  UNIT  I 


ANDERS  TO  TEST  . 


a.  3  ■  .  e.     8        '  '  ' 
I?.     1       ;               ..  f.     2      '  _ 
c.     6      .               -              g.     5  ■ 

 d.     7  h.     4  . 

2.       a,  b,  c,  g 

,3..      a.     Make -of  engine,  or  name  of  the  manufacturer 

b.  Model  number 

c.  Identification  numbers    •*  ^ 

4.  a,  b,  c,  f    *  .  - 

5.  a.  Horizontal 

b.  '  MuJti^dsitipn  .  , 

c.  Vertical  ^ 


^  : 

-  SE  -  19-B 


0.       evaluated  to  the  satisfaction  of  the  instructor 
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BASIC  ENGINE  PRINCIPLES' AND  DESIGIST 
UNIT  II 


.    '         UNIT  OBJECTIVE  '  ■  • 

•  '  ->:■■■•-■„■  - 

After  completion  of  this  unit,  the  student  should  be  able  to  list  the  characteristics,  ^pes, 
and  forms  of  energy  and  calculate  problems  dealing  with  work,  horsepower;  t.orjque,  and 
cubic  inch,  displacement.  The  student  should  also  be  able  to  distinguish  between  internal' 
and  external  combustfen  engines  sind  describe  the  operation  of  two-stroke  and  four-stroke 
cycle  engines.  This  knowledge  will  bje  evidenced  by  scorirtfl  eighty-five  percenj  on  the 
unit  test..  ^  ,    .  '      '  . 

SPECIFIC  OBJECTIVES  .  ' 

.After  completion  of  this  unit,  the  student  should  be  able  to:  -     /    '  * 

'^^^A^  .    Match  *  terms  associated  with   basic  engine  principles  to  the  '  correqjt 
^definitions. 

2.  Discuss  characteristics  of  energy. 

3.  -    List  SIX  types  of  energy.  ' 

^  4.       List  two  forms  of  available  energy.  -  ^ 

i  ^ 

B.       List  three  types 'of  motion. 
6.      -Identify  types  of  simple  machines. 

«  ^  List  three  uses  of  simple  machines.  ' 

8.       Calculate"  problems  using  the  formula  for  work.  • 
9'       Calculate  problems  using  the  formula,  for  horsepower. 

10.  ^      Calculate  problems  tsing  the  formula  for  torque. 

11.  State  thfe  main  theoretical  concept  of  heat  engines. 
I           f2.       Distinguish  between  typJes  of  heat~ engines. 

13.  Match  the  parts  of  a  basic  internal  combustion  engine  to  the  correct 
s  descriptions:  -   '      ^  * 

14.  Deschbe  the  process  by  which  an  internal  combustion  engine  converts 

*  ,  chemical  energy  into  rotary  motion.  ,  ^  -  \ 


i62  . 


22-B  ' 


ERIC 


15.    *  Calculate  problems  using  the  forimila  for  engine  cubic  inch  disglacement 
t6.       Calculate  problems  using  the  formula  for  compressi'qn  ratio. 
17.       Discuss  the- purposes  of  a  flywheel. 

Jypes  of  engine  design. 

♦  •  - 

19.       fdentify  types  of  engine)  cooling.      -  '  ^      *  - 


I 

^  "        '  T  - 
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•BASIC  ENGINE  fRlNCIPUES  AND  DESIGN 
>   UNIT  11         •  '  • 


SUGGEST'ED  ACTIVITIES 


I.  Instructor;          -  ^  . 

i     A.    Pf^vide  student**  with  objective  sheets  ^  ^  ^ 

B.     Provide  student  with  information  and  assi^ment  sheejts, 

^^^^  transparencies.  ^  .  *      •  ^ 

'^^       D.    Check  with  the  'major  small  engine  ^^iPKjfacturers  for  visu^  aids  to* 
-^'-f         d6monstrate  basic. engine  principles.  ^    -  ^  * 

'  E.     Discuss  unit  and  specific  obj.ectives.  "  9 

F.  Discuss  informatiorT^and  assignment  sheets. 

G.  »  Give  test.  ^     '  '  y 

II.  Student* 

A.     Read  objective  sheet  ^ 


B      Study  inforrViation  sheet. 
C.  -^^omplete  qssignment^«rv&ets. 


D     Take  test 


INSTR-UCTIONAL  MATERIAL»- 

I.    Included  m  this  uftit: 

A.    Objective  sheet 

•         \  . 

B      tnfotVpation  sn^et 

* .  I, 
C.     Transparency  masters    ^  - 

1.  ^      TM  1  -Types  JVlption 

.  'J 

*     ^    2/      TM  2  The  Principle^  of  the  Lever  ' 

3.     y  TM  3--The  Principle  of  the  Wheel  and  Axla- 
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4.  TM  4--The  Principle  of  the  PuJ^  ^ 

5'  TM  6- The  Principle  of  the  Inglinfed -Plane 

6.  TM  6--Tt^  Princit)le  or  the  Screw 

7  'TM  7"Th*e  Principle  of  the  Wedge 

8.  TM  8"Basic  Internal  Combustion  Engine^ rart^^f. 

9:  TM  9"Chemical  E?iergy  t(^Rotary  IWl^tion^    ^  ^f-.  ^ 

1^  TM  10-CtJbid  inch  Displacement 

11.  TM  1 1- Com^ressioylTatiO'6  to,  J       "     •  * 

^  ,      12.^  TM  12 -Engine  Designs^  "  ,      •  ^ 

IS     -   TM  l3^Engine  Des4>gns  (Continued)  ^ 

^    ■•  »  ^  ■'  '    ^-  ' 

^---r      14        TM  14"Engine  Geolfng  Systems 
D,    Assignment  sheets    w  -  ^- 

1.       'A*tgnment .Sheet  #1j2&lculate  Work  .         '  ^ 

2    ■  *  Assignment  Slaeet  #2--Calcu!ate/Horsepower  • 
3.    .  Assfgnfiient  She^t  #3-Calculate  Torque ^  '^^ 

4  ^      Assignment  Sheet,       Calculaffe^Cubic  Inch  [^isplacejnent 

r     ,  ^  •    ^  •  - .  ^  ^ 

5  y\sS|nm*en!  Sheet. #5 -Calculate  Compression  Ratio 


^        E.    XAnjyvers  to  assignmeat  sheets 

^  F.    Test  .       y  <^ 

•   J3     Answers  to  test  ;         4  * 

f  -     '  ■•  ^ 

J  l,  ^;Refefences  ^  ^  ^  • 

'•  a'  -Bohn-  Ralph  C,  and  MacD^nald, •  Angus  S/ Power,:  MechanTCs^pf  Energy, 
*'    *       '    Control  llbommgtcTn,  lllirvois,  McKnjght  and  Mc Knight,.  1970. 

» 

B     Stockel,  .Martin  W  Auto  MecHapics  FundameiHals  South  Holland, 
Gt)odheart  Willcbx  Cp  ,  .1969-. 

• M., 


C     A  Power  Primer     Defroit^Plichi^     Genefal  Motors,  1955 


f 

f 


t        'BASIC  E^JGlNE^PmNCIPLES  AND  ^SIGN  '  ^< 


'     INFORMATIQM  SHEET* 

/ 


SE  ,  25;B 

f  '  - 


Tenuis  and  Oefinitiuns 

A     ^Pofce  Any  agent  that  produces  or. tends  to -produce  moHfJn  ' 

B      Work  Rt?3uUs  of  force  overcoming  a  resis'tonce  over  S  de'fmit^' distance  ' 
«  •  -  ■ 

C      Energy  Ahiiity  to  do  work     ,  ^  ■  -  '  •  .  - 

D     Pnt-f-na;  ^^nergv  Storvd  energy  •  •         ^  ' 


'■^^      ^'^s-no'.;'.^  r 'edsuren^ept  of  ^vork  accompiisned  in  a  .given  period , of  time- 
-  v01£    Cn-::  Mo'-s^fjai.er      a  unit  o^  power  equa!  to  746. -V/atts '  ' 

^      ,r),'j.a  .^ir^-^s.  T  -  ^-^'Vl  ct  tu-nmq  effort    "  #  » 

Frirr.^^i,  Resist^f'Cf'  to  relative  motion  between  -t;vb  bodies  m  contacv^ 
f"'-'  ^"  '^d;*oei  squarp, 'nt'^-*],  most  comtrr^on  u^it  for' medsunnq  pressure^ 
.  jv>  I  !::   i ' m.etric  eq-^ivaient •  t>o  psi  is  kilogram 'per  squa''-^  cent^peter, 

^  .;o'-^^f  Tra:V5niissfon  arxi  con^tr^Wf  motiqn  Hhrcx/qH  the  (jse  of 

>-;r^    )Vj :;r~v/^   5ntiftG.'*  jncB^ffv^r  mechaoica^levices 


f 


St'P^^o^  c^v-f'ts  or  ony^f^Lon:,  trj^at  happeg^reqularty' and' !e3c|  back 
^   C'.-'^^'-Mi  T7  '^-^^jrrisp  M3st>S!jvnq  ar. dirGcrmo  influence'' ov^  r  woiking  forces 

'  i  c  .       '  " 

'   '      ''^  ^TOC.-'m.>  .^Ss'j         jTr-d  .iS  AT  DC,  TM^n'f 'top/ie'i  ^(jnU*;"or  e^foC 


.26  B 


rfTFORM'AtlO'N  SHEET 


Q     BDC  Bottofn  dead  OMUer       -  .  .  " 

.    (NOTE-  BDC  Tficw  also  be  stated  z%  ABDC/after  fcttbm^  dea^- center,  ot  /  .  ' 
•BBDC,  befon'  [)ottQjn  dead-  center  )  '    "  • 


S 


^  &;^^e  Distance  the  piston  moves  v^Hien  traveling  from  TDC  to  BDC 

Rorr,  i^'vett^T  of  The  cylind^^r  ■      '  ■  s 


T*     Displacement  Tota^  veki-n^e  of  air        uornpressf?d  by  the  piston  in  tr^v'chn'g  - 
^      '     from  BDC  to  TDC 

U    ''CID  Cubic  inch  displacement 

,   '^i'OTE    Metric  measurement  for  displacement  is  Tn  cubic  ceatim,eters 

liters  )  ^'-^  '  "  .  .  ^  ^      ^  • 

V      Combustion  Action  or  jopt?fatton  of  burning  *    *.  4^' 

IL  _  Cliarjct-'^Tisti^s  o^  erf^ra\/*  .  '  '  •       '  * 

*  E*^)efCJ/  IS  ^^v'jr  oresent  ^  .       -  • 

L 

B      E*'U;rgy  cannot  be  crea-ted  or  destroyed  •  -  '  . 

0      E^erqv  Cdn.on'y  be  changed  from  orfe  kind  to  another  ,  ^ 


j: 


ill      Tvf-Tes  of  £?nerqy 
A'  Light 


/  I'^iOTE'  L  fghferVrq^oroi^otes  growth  m  plan'ls  and  makes  our  suTrour"idinr] 


rbie 


v'^TE     Hpat- enerw*y\:o^^  food^  develops  mechanjcal  ene^rgy  to  power 
r*is  nor 


qu  torn  obi  ie?,  and  war^ 


nes  ) 


C  Chemicai 


^  ^    *       .("NOTE  -Chem'Ccj!  eriergy'  is  the  energy  of  life 


D  '  EU'ctncaf  .  -  -  .        .  « 

iNOlE'  E'U'riMi^ji't  ^-rgy' IS  the'  niost  ^ie^ible  and  is  best  knov^/n  forJighting 
hgnrs,  rrinniri^     otors,  and  providing  communi(!ations  ) 

E  '     Nuclt^ai       •     *  .  .     .  '     ^  •     *  ' 


ERiC 


^  T.OTL 
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i:^4FORMATL0.N  SHEET 


^^'M^jTE,    M('Cf\a(iicaL  enurgy  is  confdiruKl  in  every  niovmq  ohjur*   't  f 


Fot>T^s  oj  avcnldble  tr^ergy 

.  '  Tn.  0  T  L    F^(j> tu  n  t'  ci !  er  I urq  /  "  i b  s to r (k i  er ) e rgy  ) 


'\Oijr^  K'.if,'!i(f  t^nercjv*  !S  e'\.'Mjy  in  mottop')    ^  «^  V 

L'.i'  p'f'^,      '  GJS.Jlir.^  bijrn.fuj^  V/ifYd,  flowing  wat'^r  - 

/    '  ►  *  -  ^ 

•A 

»  ( 

t  '"A"    }•  f'M.  f  fj:- .jtf'cjxq'/'ChrifiiS^r.f;  used  in  thf'  of)*'rHtio.i  fi-.'n*i^i!  ^br^^ 

^  '.Sf  *s:)^^''*''i',>,'  2»  -     *    •    ,  , 

*  '.-d   j<M'  '  rrd'/M)drf'fKr'  3)  *  \  \  ' 

■r;      '  .  '  'f*  1  '  Trd:iSi}dr' '^cy  5)  .        '  . 


Vil 


.2&B 


INFORMAIION  SHEET 


VIII    *  Furjtiuid  fcjf  v>.ur[<  Work 


MNOTL    ^lii^i   nv.i^l  \)*'  us^m]  to  nnvisurc  w(#rk  for       rTioverneDt  pxcef)t  lifting 
Wcr\      ''i^t^jbur^  fl  tM  loot  [/(njnris;).      ^  *  . 

.     •  ,  a  • 

F^cjf^oU',      '  Hu  V  wori-  IS  jccon^u'^shed  if  M  tdkf^s  80  p)Otinds  of  forcf^ 

to  n<ov'"ci,  300  oounfi  box  50*  ff^{?t?  # 


• 

^  80  '  50 
IV    -4000  ^'.'/l  ;r)o-0'. 

t 

'  -  » 

•  f  /     -  P  f  r'f  >i         I '  ' '  1  u S'  ;     ""^'^   f  j' -^^  ;  0^". t"' 


-forfA'  X  clistdnc^ 
hivi  pfsinj  X  550 

"Tfri'l'  (s^'Cj  X  550- 


or 


-7- 


"I't!  '  '  "  YA)  'O')^^ jiuir^d'j  of"  v/or^-^  cioop  in  O'lf^  ser^orui^  Force 
'  ^,1;    ,  )  •  f.""-         '!'"0s  cj  10  i^oT  f!'qht  of  si^irs  in  5  secrjnrls 


.  '.V  /  D 
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INFORMATION  SHEET  - 


1^  ,    .  .r^ 


.  A  EKtr'fMfji  Lombustio?!  ' Fijfil  ^roductis  eritifgy  outside  the' engin'e  ^nd  is 
u<iMsrniitt-d*'^tu  tn<;  pngine  bV  water  ur  other. means  to  po.v'^er  the  engine 
r.'hicn  converts  nedt' energy  to  ii^otion  ' 

B      n.it  rn    corH^t>ubi!on  Fuel  is  burr^ed  mside  the  'engine  to  produce  heal  energy* 

1  ^  - 

'I 


:.>[)'•  (Josf;d  dt  pne  end  b/  tte  cyhnrjer  head  > 


*  f 


B      ?  st  ^   0.  -.^r -'J   ubj^T  which, shdes  i^"  thp  tube^ •  fitting  iiqhtly  \^  seal 

V         .     •  * 

•  (i-'.'Les  >tted  to  the  upper  end  of  the'-oiston  vx'h  ch  sear 


to  control  toss  of  compression  and  iubr'catmg. 


>   'I  r  jfi'-Strdiqnt  rorj  vviTn  one  end'connected  to"  a  p.^'OT  ^  the  piSton  '  , 
' 'f  cj",sV"ic;  vv-rn  thfc  rotdtfon  0^  'the  cranl- sha  ■  * 

ir 


Cr  « -i- ^ '   ^h^i't       jn  pnrjine  which,      y^rjunction  v;ith  cor\nectfnc^' '  *  'f-' 


^^'i'Jt.-  r '  C'p-)f-'j' ■  •  "j  f^H)tiOfi  of  piston^  into  ''Otav  ^r^ot-on 


t  ^  t;  .Ov'.^^r  vd  )'  tne  cjrinPLtirig  rod  fS  connec^d"  to  O'^set  center 
>->'  ^        L'.r'-s'.j't  %c      jst  ^ollov;  the  sam^'  circu  or  path  as  sha/t  ) 

i  •  '1^^'^'  .  .'-J  t:-  r,;).'r)  and  close  fhecy!i*>der  mprcierjo  let  m  air ^lej 

r-PM'H  thL-\)urned-  ^uei  from  the  cyitncj?ir.        ^     ^    .  - 

'  t  4^  * .  u     [Tf-n-'K^  tne  Vdlves  which  conducts -fuel  and  ai^*j.nto  and  exhStfst 


fU-r 


"  jn  r  v-f,  co'^.Dustjon  engmp  cun\/erts  cnemtCdi  "nt'r'^/  f^iito 
'"ci  trf*rjur-'Hl  w'^J  Jhf  *u{jper  end        ^tV^  Cyi;^^d^'r 


V. 


.ERIC/  .     ,    ^  . 


H\JFOR''^''ATION.S'HtE  r  4 


^'D  „  Exp^MS.uf"!  u'  ^fv'  i,M!rritfr|  (]j'v">  [)U'.fios  pistpt)  d(;wn  tfip  cyhiujer 

E      Oov.'fiwafd  MUjUuft  TTi'^Lfibfo^^J/irdtocuts  ^urct^ju  r[ie  crankbh<jtt  thruuejh  the 

*'*      '  'NOTE     R:^idrv    ?T,oit(;r)  is  j  r^HFof         turninr]  Lrd^tKbhc}'^t  )^ 

.O^bpj     ^.^1  dr.fUdcement    1  _      Bcjr^-^  x  Stroke  x  N«^n^'[2i:'L''^^-_^vJ'_0<'i^''S_ 


•    *  '         -      3  1^116  -  42  3^  3  5  • 

>     "  ^  ^ 

'  .  '  '  ' 

^     ^C!D    '     43  9^  8 


T^ar'^./^  r:^.^^w^r  BOG     42  35  r,u         Vr^.^j^Me      TD'C  Is  4  45 


1  • 

'    INFQRMATION  SHEET 


XVIII.  Types  of  ^ngin^e  design  (Trci,nsparencies  12  and  13)  '  ^ 

\A.  .  In-line 

,  B.     V-type  ^ 
C.     Opposed  * 
fe.     Radial  ; 

E      Rotary '      .  .     *  ^ 
XIX    .Types  of  engine  ctfciing  systems  (Transparency  14) 
A.  'Liqu'd 
B  Air 


<3 


TYPES  OF  AAOTlbl^ 


Reciprocating  Input  Motion 
.  From  a  Piston 


RotatTHnput  Motion 
from  a  Turbine  ■ 


Unear  Input  Motion 
from  a  Jet  ' 
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I- 
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THE  PRINCrPLE  OF  THE  LEVE« 


Resistance 


500  lbs 


Fulcrum 
First  Class 


125  lbs 


Effort 


250  lbs' . 


500  lbs 


Seconcf  Class 


2600  lbs 


50a  lbs 


Third  Class 


THE  PRINCIPLE  OP^HE  WHEEL  AND  AXLE 


The  IVFeclxanical  Advantage  of  the'  Wheel  " 
^  and  Axle  is  the  Ratio  between ;8ie , 
Two  Lever  Arms,  3  tDl 


THE  PRINCIPLE -OF  THE  PULLEY 


ERIC 


The  Pultey'Opercftes  as 
a  Second  Class  Levjer 


\ 


*  #■ 


#17? 


1:1. 


2:1. 


2ri 


4  - 


Gaming  Mechanical*  Advantage 
through  the  Use  of  Pulleys' 


3:1 


CO 

m 


CO 
U3 


178  ^ 


OC   -  HO-D 


THE  PRINCIPLE  OF  THE  SCREW 


'  Tfee  Scraw- is  Illustrated  by  qn  Inclined  Plarie 
Wrapped  Around  a  Shaft 


ERIC 
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TAA  ^  6 


■■V 


SE  -  .45-8 


:  THE  PRINCIPLE  OF  THE  WEDG^ 


Nail 


f 

J 


.1 


er|c  y 


l'S2 


TAA^  -  7 


BASIC  INTERNAL  COMBUSTION  ENOlN^  PARTS 


J 


x"SE  -'■  49'B 


CHEMJCAt'  ENERGY  TO  ROTARY  MOTION^ 


Co'nip.resston 


Air-fueJ  IVlixtiTs: 


'Reciprocating  .  ^^ 
Motion  . 


Rotary  Motion 


I 


Combustion 


I 

K    \\  } 

\  .         J  Four-Stroke 


Cycles-  ^ ' 
Two- or  ' 


# 


ERIC 


TM  -  '9 


/'  1 

t 
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:  INGH  DISPLACEMENT 


♦  1 


v. 


TDC 


PlSTONf  DISPLACEMENT 


•  v 


•  V 


1S5 


TAA,-  .VO 


CYLINDER 
VOLUME 


(^OMPRESSIpN  RATIO  6  TO  1 


CLEARANCE 
VOLUME  / 


B.D.C 


-  T.D.C. 


ERIC 
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CD 
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BASIC  ENGINE  PRIN.CIPLES  Al^  DESIGN 
^     -UNIT  II  • 


A^SIGI^ENT -SHEET  #1--CALCULATE  WORK  " 


"Calculate  the -following- fSroblem's' using  the  .formula  for  work. 
■  Work 


Force  *     x  *  Distartce 


Tw6  men  push  a  '300  pound\we!ghr  a  distance  oP^O  feet  alorlg  a  ivarehouse 
floor.  Th€  force 
is  accomplished^  ^ 


ickweighf  . 

floor.  Th€  force  necessary  to  srtde  the  weight  is  110  pounds.  How  rfruch  wofk 


0 


2.       fi'ovv  much  work 'S  accomplished  if  it  takes  92  pounds  of  force  to  move  a  400 
pound  object  44  feet?  ,  *  .  . 


3.  it  takes  49  oouQds  of  forcjS  to  rriove  a  92  pound''6ox  60  feet^across  the'ffoor. 
^        Hdw  mjch^yi^rj|<;,  is  accomplished?    '  ^      .     *  T 


«      »  ♦  . 


.  •      BASIC  ENGINE  PRINCIPLES  ANDt  DESIGN 
-       V"     UNIT' II  ' 

ASSIGNMENT  SKEET  #2--CAlGUUTE  HOT^SEPOWER 


'  Calculate?^he  following' pjoblems  using  the  fdrmula.for  horseppwer.  % 

I       ^  .  '^^iiP   =  F  X         .       i    .      .  -         ,_'\  , 

*  -  .  Tirne  (sec)**x  550      -    *     .     '  .     ,  ' 

1.       A  200  pound  man  climbs  a  40  foot  flight  x)t  stairs  in  2D  second^  How  milch 
^  horsepower,  doeff  he  develop  perforn^ing  the  feat? 


•A  1000  pound  weight  is. moved  a  distance  oKQ^^feet  across  the  floor.  The. 
force  necessary  to  move"  the  weigVwt  is  200  pounds  and;the  time  required  to 
accompli-sh,  th^  is'one  minutfik- How  much  horsepower" is  r^uired_  to^perfol'm  ^ 
this  task-^  *  . 


^      3        A  m^n  pushes  a  400* pound  a.dista^ce  of  id  feet  aillong  their'loadint|*docir'     .  , 

'  ^^The  force  requirek  to  move  >the  wej^ht  is  500  pounds  fhe  task  is  completed..,  ;    '    "  . 
in  5  seconds  NHowNpuch  horsepower  is  atroduced^  /   ^        '  4..  ^  / 


/ 


.     SE  . 

V    '  BASjC  ENGINE  PRINCIPLES  AND  D^IGN^. 

,    •   '*  ■  liNJT  II  ' 


I. 


ASSIGNMENT  SHEET  #3-X:ALcULATe  TORQUE*      Z'  * 


Gaiculate  the  following  problems  using  the  fonriula'  for  torque. 

T6rque  .  =      Force  •    x  Radius 
'  •  '  .        /*  . 

1.     "  If  *a  mechanic  uses  a  wrench  8  inches l?5rrg^and  applies^  10  pound  force  to 
the  wrench  handle,  what  is  the  torque  on  the  bolt? 


V 


...      -    .    <  ,,  \  . 

2.  *     If '15' pounds  of#forc^  is  applied  t6  a  wrench  Benches  long,  how  much  is  the 
^      torque^  ^ 


3/  -    What  is  t4ie  torque  if  a  force  of  8  pounds  is  applied  to  a  wrench  12  inches 
iong^  .  •  ^ 


»  9 


9 
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BASIC  ENGINE  PRINCIPLES  AND  DESIGN 
UNIT.  II 


SE  •  67- B 


ASSIQMENT  SHEET  #4--CALCULATE  CUBIC  INCH  DISPLACEMENT 


Calculate  the  following  problems  using  the.formula  for  cubic  inch  displacement.  Round 
answers  to  nearest  whole  number.  » 


CID 


ft  X  Bore^  x  Stroke  x  Number  of  cylinders 
4 


1.       What  is  the  CID  of  a  cylinder  wi,th  a  2-inch  bore  and  a  3-inch  stroke^ 


— ? 


2.       Corripute  ^he  CID  of  a  4-cylin(i^r  engine  with.  2.5  inch  bore  and  a  2.48  inch 
stroke. 


3,       What  is  the  CID  of  a  6-cylinder  engine  with  a  1.85-inch  bore  and  a  1.969  inch 
Stroke?       '  ' 


r 


-  \ 


3 
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,  BASIC  ENGINE  PftlNCIPLES  AND  DESigW  • 
'  '  UNIT  II  A 

/  * 

ASSIGNMENT  SHE^  #5--CALCULATE  COMPftESSION  RAT* 

\ 

Calculate  the  following  problefn^  using  the  formula  fo/  compression  ratio. 

f  /  -  /  \' 

Compression  Ratio        =      Volume  BDC  '  \ 
>^  Volume  IDQ,^ 

1 '    '  What  ts  the  compression  ratio  ot^  cytir/der  w<th  a  volume  of  36  cu.  in.  .with 
the  piston  at  BDC  and  a  TT)C  volum^  of  4  cu.  in7 


/ 


2        Engine  A  has  BDC  volume  of  T6.7  ct/bic  inches  and  a  TDC  volume  of  2.3^cubic 
mehes   What  is  the  xompression  r^'tio^ 

/  /  • 


/ 


3  A  specific  3  cylinder  engme  ha^  a  total  ^DC  volume  of  86  Cubic  inches  an*d 
TDC  volume  of  3  cubic  inches  in  each  cylinder.  What  is  the. compression  ratio 
of  this  engine^'        ,         ,  * 


The  maximtim  practical  cpmpressi6n  ratio  for  a  specific  one  (Tyiinoer  engine  is 
11  2  to  1y  The  Engine  has  a  BDC  volume  of  38.77'cubic  inches  and  a  TDC 
Volume  of/i},5  cyibic  i^iches.  Is  tha compression  ratio  Vyithin  the  practical  lirnits^ 
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Assignment  Sh'eet  #1 


BASIC  ENSINE  PRINCIPLES  ANO'dESIGNS 
UNIT  II  •52b 


ANSWERS'TO  ASSIGNMENT  SHEETS 


1. 

w  = 

F  X  D  _ 

W  = 

110  X  50 

\ 

-v^  = 

5500  foot 

2 

w  = 

F  X  D 

w  = 

92  X  44 

w  = 

4048.  foot 

3 

w  = 

F  X  D 

w  = 

49  X  60 

« 

w  = 

2^40  foot 

Assignment  Sheet  #2  • 
'     1         HP   =  F  X  D 


Time  (sec)  x  550 
HP   =      200  X  40 
"  .    .     20  X  560 
Hp  '=  8000 

11000 

HP  =  .727  or  approx.  7/10  horsepower  { 
HP   =  P  X  Q 


Time  (sec)  x  550 
,HP   =      200  X  60 
60  X  550 
HP   =  12000 
33,000 

■  HP  =  364  horseppwer  • 
3  .      HP   =  '  F  X  -O 


*  '     ^Time  (sec)  x  550- 
HP   =     500  X  10  " 

5  X  550. 
HP   =  5000 

2750  ^  J 

HP   =      1  82  horsepower 

Assignment  Shee^  #3    '  , '. 

♦  "  ♦  *  ' 

1.       T  =  F  X  R        *  . 

•  T  =  ,10  x^-  • 
T  -  80  pound  incbei 


19C 


2.  Tr.= 

F  X  R 

T  = 

15t-x  6 

T  = 

90  pound,  inches- 

3.      -T  = 

F  X  R 

T  = 

8  X  12  • 

96j  pound  inches  ''' 

Assignment  Sheet  #4^  ' 
,  ■  CID  =      3.1416  X'-  22  X  3 


/ 


4  -  /  X 


CID  =  •  3.1416"  X  4x3 

CID  =■  '37699/ 

4  X  1 

CID  -  .  942  or  9 

t\D  =      11416  X  2.52  X  3  75. 
4 

CID  =     3  1416  /  6.25  x  2.48 


CID  =     48  6948 

 A—  X  4 


.  •  CID  =      12  1737.x  4 


CID  =.-    4a:6948  or  49 
3        CID  -  '  3  141 6  x'^.raS^  X  T.969 

CID  =     3.1416  X  3.4225  x  1<!969 

4 

CID  =     21  1709, 

4  ,  X  6 

.  '     CID  ='   5*2927  X  6 

-    pjD  .=     31  7564  or  32" 

Assignment  Sheet  #5  "  - 

1.  9_' 
^       4"  f36   .       .9  to  1 
'    36    •  - 


,  7.26 
2.3     116.700  7.26  to  1- 
161 
60 

46'        •  • 
'  '  140 
•138 


28.6 

6_ 
26  • 
24 

13-' 

2 


-9.53 
3  128.6 
27 
16 
15 


10 
9_ 
1 


"9  53  to 

4^ 


3.5 


•11.07 
1-38.7700 
35  ^ 

37 

35 
270 
•  245 


25 


11.07  to  1  Yes 
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BASIC  ENC^INE  PRfNCIPLES  AND  DESIGNS^ 
'  UNIT  II  '  . 


Name 


4 


TEST 


Match  the  terms  on  the  right  to  the  correct^d^finitions.MTerms  and  definitions 
are  continued  on  {Fie  following  page.)    I  ^ 


a.  Any  a^ent  that  'produces  or  tends  to 
produce  motion  '  '    \  ^ 

b.  Rate  at  which  work  is  done 


 c.  Ability  to  do  wo.rk 

 d.  Stored  energy  ^ 

 ^e.   Measurement  of  turning  effort 

t 

 f.   Transmission   and  control  of  motion 

through  the  use  of  gears,  pulleys,  shafts/ 
and  other  mecbanical  devices 

 g.  Bottom  dead  center- 

 h.  To    exercise    restraining   or  directing 

influence  over  working  forces  ^ 

Back  and  forth  motion 

j,    Energy  m  m'otion       '  ^  * 


^  k.  Relaying  of  ^a  working  force 

 I.    Measurement  of  work  accomplished  in  a 

given  period  of  time         '  •  ^ 

« 

 m.  Pounds  per  square  inch;  most  common'    ^'  * 


unit  for  measuring  pressure 


n.  Series  \of  events  or  operations  that 
happen  regularly  and  leacf»back  to  the 
starting  point 

o.'  Resistance  to  relative  motign  between 
.two  bodies  in  contact 


1.  Energy  ^ 

2.  Work  •  • 

3.  force  * 

4.  *  Friction 

4 

5.  Power 

*6.       Kinetic  energy 

7.  Torque 

8.  Horsepower 
PoteVitial  energy 
PSI 

Cycl6  ' 
JDC 

Mechanical  power 

Transmission 

Reciprocating 
motiofi- 

BDC 

I" 

Control     V  ' 


16. 
17. 
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N    P'  Results  OT  force  overcoming  a  resistance 
ov6r  a  definite  distance 

q.  Top  dead  centter  *  I 

20. 

r.  Total  volume  of  air-fuel  com/Sressed 

the  piston  in  traveling  from  BDC  to  TDC  21. 


J.-  Cubic. inch  displacement 

9 

t.   Action  or  operation  of  burn 


18.     .  Stroke 


u.  Distance    the    piston  moves 
traveling  from  TDC  to  BDC 

1 

Diameter^  of  the  cylmder 


Discuss  the  charadteristics  of  energy. 


\ 

List  six  types  of  energy. 


Combustion. 
CID 

Displacement 
Bore 


b-. 
c. 
d. 


-/ 


e. 

f.    -  •  ■ 

List  two  forrns  of  available  energy. 


a. 

b.  • 

List  three  types  of  motion. 


J 


a. 
b. 
c. 
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6.       Identify  the  following  jimple.  "machine?. 


tTr  ■  '  250  iM 


•A 


V 


List  three  uses  of  sim'ple  machines 
a 

c    '  '  ^  /  ^  . 

Calculate  the  following  problem  usin^  the  formula  for  work  - 

W  -  F  X  D 

A  boy  pushes  a  200-pound  box  a  "distance  of  20  feet  along  the''  floor  The  force 
necessary  to  slide  the  box  is  55  pounds.  How  much  wprV  is  accomplished'^ 


201 


788 


"Calculate  the  following' prpblem  using  the  formula  for  torque. 

HP   =.  F  X  D  *  ^  ^      .  . 

'      Time  (sec)  x  SSfl  •  ,    ^  ^  , 

Using-  the  problem  above,  h^  much .  horsepower  is  produced  if  it  tak^s  20 
-seconds  to*  slide  the.  box  aJong  the  floor^ 


10.       CalculateN^e  following  problem  using  the  formula  far  torqu,e. 
T  ^  F  X  R  N 

What  is  the  torflue  if  a  force  of  40 -pounds  is*  applied  to  a  wrench  two  feet 
*  long^  ' 


11.       State  the  main  thecrretical  concept  of  heat  engines. 


4 


12.        Distinguish  betvi/^n  types  of  heat  engines  by  placing  an  '-'X"  in  front  of 

description  of  an  internal  combustion  engine.  *    t""  *  ^ 

.a    Fuel  IS  burned  inside  the  er^gfne  to  produce  heat  ene£^y  .whioh  the 
engine  converts  to  motfon     .         "  •  ^ 

b.  Fuel  produces  heat  energy  outside  the  engine  and  is  transmitted  to 
^     the  engine  by  water  or  other/neans  to  pov^er  the  engine  which  converts 
heat  energy  to  motion  . 


y 
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13        Match' th^  fwrts  of  a  baSic  internal  fcombustibn  engine  to  the  correct  descriptions. 

t  .      ^      *  . 

.  '  a.  'Hollow  tube  closed  at  one\end  by  the 

cy\\n(ier  head^  ^  , 


b>>Cylmdrical  object  wfiich  -slides  ifi  the 
njbe//ittmg  tightly  to  seal  other  end  of 
'  lub^ 


jy   Straight  rod  wi^th  one  encj  cQ^nnectejd.  tp 
a  ►pivot  in  the'  piston  so  lower  end  can^ 
swm^  with  tjie  rotation  of  the  crankshaft 

_d.  Mam   shaft  'of   an   engmie   which,  -  m 
conjtinclton^    with  •    connectir>g  rods, 
.  cKanges  recjprocating  mptiofsjof  piston?' 
into'  rotary  motion 

_e  Movable  plug  to  open  and  close  the 
cylinder  ^n  ^order  to  let  in  air-fuel 
mixture  and  ^o  remove  the  burned  fuel 
from*  the  cylinder    -        '  ' 


4. 

5., 

6. 

7 


Port 
Crankshaft 
Bings 
Cylinder 
Sonnecting^  rod^ 
Piston 

Valve     ^  * 


_f    SIrcular  devices  fitted  tq  the  upper  end 
'   of  the  piston  which  seal  the  pistorr  to" 
the     cylinder     to     control    loss  of 
^ompnressiQn  and  lubricating  oil 


g    Passage     behind    the  ^  valves  •  which 
conducts  fuel  and  air  into  and  exhaust 


14 


out  of  the  cylinder  ,^  ^  .  \  f 

Describe  the'j^rocess^y  which  an  internal  combustion  engine  converts  chemical 
\    4nergy  into  /otary  motion  ♦ 
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"Calculate  the  follovying,  problem^  usihg  ,*b^  formula  for  •angina  cubic  ir\ch 
displacement.       ^.  -        '   -/^      ^'-'}  '\  ^  *  •        "  ' 

CID  =      .TTx  Borg2  x  Strobe^    'kV^'u  r  ^  .  ^    f  ^ 
 —  ^    K 'Number  of/ cylinders  ^    ^  . 

What  js  the  cubic  inch  drsplgcem^nt  *of*a-2.«»ylinde^^ngihe  th^t  hag  a  bore, 
of  2.3  and  a  stroke  of  3,:^^incpT^-,4  J^V*^    '  ]      .  •     .  ^  -J  ' 


7 


9 


16\    Calculate-the  following  p/obiein  using  the  f^jiula  for  compression^  ratio  '  *  • 

,  Compression  ratto         =      V)lume  B.DG  ,^       <      ,       .    '  *  ,  '  , 

Volume  TDC-  ^  ^       '    v  " 

*  /  a  specific  2  cylinder  engme^has  a,  CID  of .  37  inches:  Each  cylinder  has>*BDC^ 

volume  of  IS'^  cubic  inches  and  a  TDC  volume  of  3.3*culwc  inches.  What  'S  '* 

*  the  compression  raVo^   -     \    *  .  ,     '  t  ^  ^| 


^  ■      y  • 


17;       Discuss  the  purposes  oV  a  flywheel.   ^      .  ^ 


•  ■  ■  ■  \  ■  ^  • 
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i  «  /basic  engine/principles  and  designs 

UNIT  II 
'    ANSWERS  TO  TEST 


»  2. 


a.  3 

;  9- 

16 

,  m. 

10 

s. 

20  ^ 

b.  5 

h. 

17 

-  n. 

If 

t. . 

19 

c.  1 

1. 

15  '  » 

0. 

¥  ■ 

u.  J 

18 

d.    -9  V-  - 

•  I- 

6 

^  p. 

2  / 

• 

22 

e  7 

k. 

14 

12 

f  13.-' 

J. 

8  . 

r 

21 

Discussion' 

should 

indlude 

a.  'Energy  is  ever  present      -  - 

b.  Energy  cannot  be  created  or  destroyed-  ,  '  ^ 
c  Energy  can  only  be  changed  from  one  kind  to  another 
a.     Light                                       .       ^  * 


7^  . 


b.  Heat 

c/    Chennical     ^  ' 

d.  Electrical 

e.  Nuclear 

f  Mechanical 

a.  Potential 

b.  lOnetic 

a.  • .  Reciprocating 

b.  Rotary 

c.  Linear  " 

a.  Lever 

b.  Wheel  and  axle 

c.  Pulley  ( 

d.  ^Inclined  plane  * 


( 


K 
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7. 


J  9* 


,10. 

11 
12 
1-3 


14 


Screw  ^ 
:.f.  .  .Wddge 

\ 

1^   increase  force 
b      Change  direction ; 

4 

c      Change  speed 

W/  =^  F  X  p  *     \  ^ 
"  W  -  55  lbs^x'20NV^ 
W  -  1 100  foot-pounds 


HP 


,  HP 
'HP 

HP 


F  X  D  iL 

Time  (sec)  x 
&5  X  20 


20/x  550 
11 00 


1  1000 
10 


T  -  F  X  R  _ 

T  -  40  X  2  '  ' 
T.  -  80  po'jnd  feet 


I 


'  Converts  heat  energy  into  usable 'power  m  the  fonri  of 'motion 


b 
c 
d 


4 
6 
5- 

2 


7 
3 
1 


Description  should  include    ^  *       *  '  ;    ,  , 

Gasoline  .and  air  are  introduced  into  the  uppe-r  end.^f  the  cylinder' 

b      Air  fuel  fixture  is  igr)*ted  .and  burned,  prociucing'heat  energy 

c      Heat  energy  causes  tHe  cyhndeT  gasel^*  to  expahd        ^      .    ^  • 

d      Expansion  of  the  burning^gases  pushes,  pistoV  down  the  cyhnder 

e      Downward  motion  of  piston  transmits  force  to  the  crankshaft  throug^h>the 
connecting 'rod  to  produce  ^rotary  motion 


1 


.208  ■  : 


/T. 


26,6  CID  / 

.5  to  1  _  J  ^        >  '       '  /  .  M   '  ' 

Discussion  should  include: 

a.  Smooth  ouf,  surges  of  the  power  strokes  ' 

b.  Maintain  crankshaft  motion  between  power  strokes 

c.  ^.  Develop  kinetic  energy  ' when*  spmning  ■ 


d.  v^rovide  gear  teeth  on 'out^^'irn  for  sfaftihg  motor  operation 

a.  V'type  . 

b.  ,  Rotary 

c.  ppposed 

d.  Ui-line      - '       ,  >^ 

e.  Radial  '  - 

a.  Air    .  •           '                           '  / 

b.  Liquid  /  * 
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PRINCIPLES  OF  OPERATION  -  FOUR-STFjOKE  JCYCLE  / 

UNIT  III  •  • 

UNIT  OBJECS;|VE 


After  completion  of  this  unit,  the  student  should  ,be  ai^te.to  identify  the/ components^ 
||f     ,         ^    of  a  fouf  stroke  .cycle  engine,  the  parts  of  a  camshaft  lobe,  a«d  the  types  of  valve 
^arr^gements.  The  student  should  also  be  able  to.  discuss Hhe  operation  of  the  four-stcoke 
I-  ^        cycle  engine,  valve  ^timing  and  overlap.  This  ^knowledge  wilTbe  evidenced  by  scoring 

_  .«tghtyvfive  percent  op-the  uriTt  test  "^^^ 


^  ■  '    ^  SPECIFIC  OBJECTIVES 


'After  completion  of  this  unit,  the  student  should  be  able 


1.        Match  terncis  associated  with  the  principles  of  operation  of  a  *our-stroke  ' 
cyclejengme  to  the  correct  definitions.  \       .  \' 

2  '       Identify  the  components  of  a  four-stroke;<»<^j^'  engine. 

3.        Discuss  the  operation  of  a  four^tixH^'  cycle  engine. 


V 


^  *     4-        List 'tWb\factors  that  detorrfime  the  firing  order  of  a  multi  cylinder  engine.* 


5:        tdentiV  the  jjartS  of  a  camshaft  lobe 

6  Discuss  valve  TM^jng  and  overlap 

7  ^  Jdenffjy  types  o\  valve 


f 
/ 

/ 
J' 


V 


r  r 

4 


J 


/ 


/ 


r 
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PRINCIPLES  OF  OPERATION  -  FOUR-STROKE  CYCLE 

UNIT  III  • 


v       '  ■  ^ 

.    .     .  SUGGESTED 'ACTIVITIES  . 

Instructor    •      '  '  \     '  ^  -v       ^^^^    ^  \_" 

♦  # 

A    ^Provide 'Student  with  objective  sheet: 

*B.    ^Provide, student  wfth  j^fprmation  she^t.  _ 

C     **MaKe  transparfencies  .  * 

'D     D1SCUS8  unit  an4  specific  objectives.        .  .  • 

•  E      Discuss  infoVmatton  sheet^  *        •    ,  * 

pemonstrtte  location  of.  components  or  a  live  engine. 

'  G      DemohstPate-  tTie 'Operation  of  the  four  strokes'  irt  a  cycle, 
H      Provtde^exampies -of  th6  .different ,  types  ^of  valve^^rrangerpents  ' 
J  ^  *   Disassemble  ^n  engihe  so  that  stude^s  cao  idQnti*fy  , individual  com^ponents 


J  V    i^ive'test    *'    ^      •        .  .     "  *  .  ^         ^     .  i  ' 

Sfuclent     ^       •  '     '     '          '         \  '          •         *  ' 

'  A      Read  ob)ecti\/e  sheet      '      '  "  ^      ■        ,  *  * 

B      Study  information  sfj^et     *     ^    •  ^       ,      •  - 

•                           »■  »  , 

C.  '  Observe  demonstratiort , of  ^operation  of  'the  fT)LW  jftokes, 

D      Locate  tfie  components'  6n  3  Hive  engine'-   '      •  • 

&     Tdke  test'     .               :             '  '      /  ' 


INSTRUCTIONAL  MAT^PIALS^.   ^   ~     *  ^ 

Included  An^  this  unit*.      •  '  '  J  ^ 

A     Objective  sheet* 

"B"      Information^  sheet  *  "  ^ 

C      Transparency'  maStgrs  '  , 

1  ^     TM  1  Comppnents  of  a  Four  Stroke  Cycle  Engine 

2  TM.  2  'Four  Stroke  Cycle    ^  .  \       •  * 


2J1 


3. 

5/ 

^  6 

D.  Test 


TJVI 'Action  on  Intakfe  Stroke 
TM  4'-Valve  Action  an  Compression  Stroke 
^TM  5"''A/^e^Acti^  on  Power  Stroke 
TM  6^alve 'Action  on  fxhaust  Strpke 
TM  7- Cam  Lobe  Contour  Desigg 
TM*8- Valve  TimmgSnd  Overlap 
TM  9--Valye  Arrangements 


E  *   Answers  to  tes< 
References        '  "  .  ' 

A\     Armstrong,   Ivan.  Auto  Mechanics.   Volume  .One.  StiM-water,  Oklahoma: 
^  Oklahoma  State  Departirjeffit  of  Vocational  and  Technical  Education, -1976. 

•B     Sbiall  Engine  Service   Repair  and^  Maintenance.   St    Paul,  Minnesota- 
Departments    of   Agi^ulf-urdi'^'  Education  and   Agricultural  Engineering, 
.University  of  Minnesota,  19^8 

C  :  Small    Gasolme  ^^Engtnes    |University    Park,    Pennsylvania:    College  of 
Agf-iculture,  Thev  Pennsylvania  State  University,  1969.  ^  * 
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PRINCIPLES  OF-OP€RATION  ■ -FOUR  STR0K£  CY.CLE                 '  ;  ^ 

UNIT  III'.    ~       ^             "        .        '   .  ' 

« 

V 

'■' 

• 

II^FORMATION  SH^ET               ^      ^  ^     ^  '  ' 

,          •         »  *' 

h    'Yerms 'and^ definitions      ^                              .    *               *               <      .  ^ 

ft 

"intake   stroke  t)bwnvvard  *  movement  •of   piston  which  permits  tuel-c^r 
niixLure  t(f  entej;^cyhndfir                    il^,  *^ 

% 

r  *^ 

-  B 

Compression  sirgke  Upwardjmovernent  of  piston  which  compresses  fue'  ou 

1 

/  f 

•  r  • 

Pov^er  strok*^ -Do.vnwdrd  piskon  movemeat  caused  by^spark  ignition  of 
cornpres^>ed  ^uel-aK  Piixture'\          ^-       —  ^ 

Exhaust  strode  Upwar^  niston  movement  which  expels' bljrnt  qases  frorn 
cyl'Hde^    ^                                    ^             ^  ' 

• 

E  . 

Vaive  Devfc?  for  aiternat^lv  opei^img  and  ciosing  a  passage         '  , 

\ 

•  - 

intake  \wlve -Engine  coTripo'nent 'which  opens'^to  allov^y  fue^-afr  mixture^.td 
enVr  cV'^ndt^r  'duru^g-  intake  stroke                                            '     '  - 

\ 

•    G  ' 

Exhaust  -^;atve  Engine  cocfep-Aient.  wh'ch  opens  dd.r^ng  exhaust- stroke\arid  . 
ailo'.vs  bu^'nt  qases  to  Pe -expelled  from  cylinder  -           '   •  *      .  ^ 

• 

V 

•  • 

Overiap  Bf:e^  ^henod  when  both' intak-e  and  "^^xhaust  valves  ^le  open 

f 

1 

^    ^  1 

Ca'^^   'ol)e  0'*  cenrpr*'.or  eccenfric  en^arqement  on ,  the  cainshaft  which^ 
p.^. .'-IS  rotary  f^rofop  tc\  rfC!pqg.oatmq  motion  for  ooeratirvi  ^  ^'^i'-t; 

yd^^^'^^f't  S'^a^^  \*. nfcK  contains  lobes  or  ca^^s  to  operate  engine  ^^dlves 

-  ^  ^            .  '                 . '         .  :  '    ^  * 

*  I 

V'^^e  i  ftrfer  wr  tapp(^t  Push  rocj  oi  plunger*  plaCed  tietv^eerv  th^  c-jm  jf  d 
v.ii'  e  or,  an  tvyne        '  ^ 

'»     '        ■  . 

Va!-'^'  ^eat  Matc'^ed  ^surface*  upon'which  the  valve  rests 

Vdlv^.'  :t)r.nu' Sprt'^'^  r^ltdcheri  to  a  vslve  to  return  it  to  t^^e  st\.t 
—       '                                     ♦  *  *  ^^^^ 

'    M»     Cor'.ponenus  of  a  ^our  stroke  cvcle  engine  (Transp^rerncy  1) 

V 

*  A  / 

Cylinder  l)lock             .                   *     ^  . 

Cy  holder ^  head 

• 

t  ^ 
• 

n 

D  . 

Pist^')h                                 '     '           '  ' 
Coon(3Ct'nq  rod 

ERLC  . 

« 

/ 

• 

\ 

•    -  — 

•92-B 


\ 


}\5F0RMA 


f\\mf  SHEET 


Cf 


.'^■Kst         •  vL'f  r'i()irnj  (TraDsudrences  2,  3,  4,  5  and  6! 

Tr     '  '  ;  '    /.*         ^  ni|[^  he'-  o''  tnnf^s  the  pistJ^moves  up  and 

•    "       ^1    -i^*  '  ,  ./p    ^  vclt^       rjperation    Four-stroke  cycle, 

'     ^o''   ■      \  r      (1  *^'J  .r  eye  I''  engn;o<;"} 


^'V'''^^  -'-''''4^         MSTun  at  opperniost^positfon  tn  cylinder  (TDC) 
"  -j^-'  jpu^)  and  e>f[i;aust  ^aivg  closed 


••".wc^  Uovvr^  1»  p  cy i;;)df'f  „  il  ^iraws  air  fuei  mixture 
.^-M1  r*.t^Le^        tioMoMi  of  th(^  cyl'nder  !'BDC/  th^i 

'  !     J  '  1 'f-jjrr'sst^u'j  tiu^'tty  as  the  piston  moves  up 
^Kf-  ttjp!  r^reateb  iiem  which  [prepares  the  fuct-'for 


■  .-,:0'    r.-jr^,(s  ^^^   t'>fj  of  ttv^:yhnder  on  compression 
'  ,tn,'. .     -I   spif^         T    ^h(^  ifjriitioV^  systeiTi' Kjmtes  the  air  fun! 


r.Ki.iji/  itul  fdr'^'  t'H'  pis'fon  down  the 
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^  Y        As  u^e  pfston  reaches  the'  bottom^of  the  cyhnder  on  power  stroke, 

thu  exhaust  vaive  opens 

2   •  cPiTton  trav^s  up -ttie  cyiinder,  forcing  the.  burned  gases  out  of- 
.   ^  the  cylinder  into  the  exhaust  inanifold 


i'^jOTE  The  complete  cycle  takes  two  rotations  of- the^crankshaft 
or  720  degrees  of  rotation,)  .  ^* 


IV     Fdcr^fS  t'  d;  'Ifterrnme  tne  firing  order  of  tf^'muiti-cyiinder  engine 


)esijn  of  -jic  cr^qjksha'ft 


B      LocotiOf:  of  t^e  cams  on  the  camshaft'- 


\ 


V.^^.^  r  r-i-.,n(i  ^,nrj  Overlap  iTrarssparency  8)  * 

iijG  Ci:  Va!  ;e  ^:inyies  gtven  below  are  approximated,  the  actual  armies  will  vary 
'A'i^-i^  'i^p-fvj;nq  tjpon  enginfe  design)        '  ' 

i-^tnke  .3ive  Of)cns  approximately  15  degrees  before  the  intake  stroke 
:.'v.j!'.3  dfrf:  remains  open  through   intake  stroke  and  20  degrees  into 

'  '/♦i,Jf^^S5!0P  ST''0kf:f 

'■-O^E    The  intake  valve  is  open  approximately  235  degrees  of  the  7?0 

^  *  v:j!ve  Opens  appr(5ximately  40 ^degrees  before  the  exhaust  stroke 

tiu'j-r.s  dpri  remains  of)en  through  exhaust  stroke  and  20  degrees  ipto  the 

ir^^ik str-ol-'e  '     ^  •       *  > 

*  ♦  • 

'\'OTE,  Thie -Exhaust  valve  is  open  approximately  2^  degrees  of  the  720 
'  cl^'-ji^ee  cycle  )  ,  .      '  *  * 

C      \i    '^\<  v-'^'a;^  Rotjn^ >^itdke  and  exhdust  valves  are  partidHy  open,  the  intake 
,  w  ^tc<rn;ij  to  opfTfv  while,^lhe  exhaust  valve  is  not  yet  closed 
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•'IMFORMATION  SHEET. 


^11.  .Types  of  valve  arrarlgements  (Transparency  9) 

A.  L-Head 

0 

B.  F*Head 

C.  T-Headv  ,  •« 

•  V  *     -  -  ■  ■ 

D.  ,  I -Head    ■  .  IP.'  ^ 

E.  Overhead  cam 
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COMPONENTS  OF  A  FOUR-STROKE  CYCLE 


ENGINfE  • 


SPARK  PLUG 
VALVES 


VAIVE  SPRING 


VALVE  LIFTER 


CAMSHAfT 


CAM  LOBE 
i 


.PISTON    '/  , 

CYLINDER  H^AD 


CYLINDER  ^ 
BLOCK 


CONNECTING 
d  ROD 


CRANKSHAFT 


ERIC 
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TM  -  1 


FUEL  AND 
AtR  FROM 
CARBURETOR 


INTAKE] 


FOUR-STROKE  CYGLE 


CAMf — 


I  CRANKSHAFT 

•CI 


EXHAUST 
VALVE 
CLOSED 


INTAKE 

VALVE 

CLOSED 


CAMSHAFT 


EXHAUST 
VALVE  • 
CLOSED 


CONNECTING 
ROD 


PISTON  INTAKE,STtoKE        PISTON  COMPRESSION  STl^O.KE 


INTAKE  4 
VALVE 
CLOSED 


EXHAUST 
VALVE 
<LOSED 


INTAKE 

VALVE 

CgLOSED 


.PISTON  POWEI^  STROKE 


E>(HAUST 
VALVE 
OPEN 


CAIW 


PISTON  EXHAUST  STROKE 


FRir 


2J8 


TM  -  2 
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,  VALVE  ACTION  ON  INTAKE  STROKE 


INTAKE  VALVE  OPENS      ^  T.D.C. 

^1 5°- 


*iNTAKE  VALV€  CLOSES  ' 


B.D.C, 
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^ 


^  va^ve  action  qn  coaapression  stroke 


T.D.C. 


COMPRESSION 


.INTAKE  VALVE  CLOSES 


B.D.C. 


SE  ■  \03-8' 


VALVE  ACTION  ON  POWER  STROKE 


T.D.C 


SPARK  OCCURS 

AT  OR 
BEFORE  t.D.C. 


COMPRESSION 


.  r 


POWER 


/ 


EXHAUST 
VAIVE 
OPENS 


B.D.C. 


ft 


♦ 
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VALVE  ACTIONT  ON  EXHAUST  STROKE 


*  f  -  » 
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^  "  TM  .  6 


/ 
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CAA^   LOBE   CONTOUR  DESIGN 


FLANK 


LIFT 
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'  ^    f  .  ■  .  '  SE  -  109-B 

\?ALyE  TIMING  AND  ©VERLAP 


TOP  DEAD  CENTER  " 


• 
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PRINCIPLES  OF  OPERATION.-  FOUR-STftOKE  CYCLE 

UNIT  III  ,       .  * 


NAME 


TEST 


Match  the  terms  on  the  right  to  the  correct  definitions. 


1 


ERIC 


 a.  Spring  attached  to  a  valve  to  return  it 

to  the  seat 

 b.  Device    for    alternately    opening  and  ' 

closing  a  passage 

 c.  Off-center  or  eccentric"  enlargement  on 

the  camshaft  which*  converts  rotary, 
motion  to  reciprocatmg  motion  for 
operating  a  valve 

 d.  Brief   period  when  both   intake  and 

^  exhaust  valves  are  open 

_^e.  Upward   movement   of^  piston  whii^  - 
compresses  fuel-air  mixture  * 


f.  Downward  movement  of  piston;  which 
permits  fuel  air  mixture  to^enter  cylinder 

g.  Push  rod  or  plunger  placed  between  the' 
cam  and  the  valve  on  an  engine 


 h    Matched  surface  itrftpn  \/\/h\<J^xi^e  valve 

rests 


I  Shaft  which  ccmtains  lobes  or  cams  to 
operate  engine  valves^  |" 

].  E'ngir>e  component  which  opens  .during 
exhaust  stroke  and  allows  jDurnt  gases  to 
be  expelled  from  cylinder 

k.  UpWitf^iston  movement  which  expels 
burnt  gases  from  cylinder 

L  Downward  fff^tOR  movement  caused,  by 
'spark  ignition  of  cpcDfliess^  fuef-air 
mixture  ' 

m*  Engine  cornponent  which  ogpnsio  allow 
fuel-air  mixture  to  enter  cylinder  during 
*  intake  stroke 


1, 
2. 
3. 
4. 

5-1 
6. 

7. 

•  8. 

9. 

11- 
12. 

f 

13. 


22e 


Exhaust  valve 
Power  stroke 
Vaive  seat 
Camshaft  ' 


Intake  stroke 
Cam  lobe  i 
Valve 

Valve  spling 

.Intake  valve^ 

Overlap  ' 

Compression 
•stroke  , 

Exhaust-  stroke- 

Valve  lifter  or 
tappet 


/ 


^4" 
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Discuss  the  operation  of  a  four-stroke  cycle  engine. 


4.       List  two  factors  that  determine  the  firing  oi^der  of  a  multi-cylinder. engine, 
a.    "  ^  •  .  ^  \ 

b. 


■  ( 


6.       Discuss  valve  timing  and  overlap.  «- 


SE  -  117  B 


I. 


n 


c 


ERJC 


230 


SE  •  119 


PRINCIPLES  OF  OPERATION  -  FOUR-STROKE  CVCLE  - 

UNIT  III  .    •  ' 


ANSWERS  TO  TEST 


a,  .  8 

b,  7 
c. 

d.  10 


\ 


f.  5 
-g/  13 

h.  .3  • 

I  4 


e. 


a. 


d. 


f 


Piston 

Cylinder  head 
Cylinder  block 
Connecting  rod 
Crankshaft^  ^ 
Cam  lobe 


1 


g.  Camshaft' 
h      Valve  lifter 
I.      Valve  spring 
I  Valves 

Discussion  should  ingLud' 
^     Intake  stroke 
1) 


k.  12 

Ar,  2 

m,  9 


/ 


Cycle- starts  with  piston  at  uppermost  position  in  cylinder  (TDCU. 
-with  intake  valve  open  and  exhaust  valve  closed 


2)       As  the  piston  moves  down  the  cylinder,  it  draws  air  fuel  mixture 
into  the  ^cylinder  from  the  carburetpr 

*  -V 

♦  3)       When  the  piston  reaches 'the  bottom  of  th^  cylinder  (BDC),  the 
ihtake  valve  closes  s  V 


■    120-B  >  ^-  .  # 


b.     Comp'ression  stroke    '  '  ^ 

1)  '    Air  fuel  .mixture  js  compressed  tightly  as  the  piston  moves  Op 
*  ^         the  cylinder 

2)  .    Compression' of  the  fuel  creates  heat  which  prepares  the  fuel  for 

nnstant  igrution    ^  , 

c      Power  stroke' 

1)  As  the  pislbn  reaches  the  top  of  the  cylinder  on  compression 

stroke,  a  spatk   from  the  ignition  sys.tem  ignites  the  air  fuet 

mixture  -  * 

<  % 

i 

2)  Burning  gases  expand  very  rapidly  and  force  the  piston  down  the 
cylinder 

V. 

d      Exhaust » stroke  *  .  — ^ 


U        As  the  pistoa  reaches  the'bottowcvof  the  cylinder  on  power  stroke, 
t^^  exhaust  valve  opens  '         '  .  ^ 

/         2)        Piston*  tfave's  up  the  cylinder,  taTcing  tne  burned  gases  out  of 

-  the  cylinder  into  the  exhaust  rt^^nifold 

y  '         \v  ^  /  ^ 

d.      Design  of  the  crankshaft  '  .  ^  * 


b  Location  of  the  cams  6n  the  camshaft 

5.  a.  Lift  '  '  -  * 

b  Base  cKcle ,  ^  • 

c  Flank  '  ^ 

d      Lobe  •  • 

/—  .  ■ 

'  e  Nose 

'> 

6.  Discussion  shou4d  inclyde  ^  •       •  •  * 

ntake  valve  -^pens  approximately  15  degrees  befofe  the  intake  .sUoke 
ins  open  through  intake  stroke  and  20  degrees  into 
ression  strokA'  * 

Exhaust/ valve  Opens  app'roximately  40  degrees  before  the  exhaust  stroke 
}  \    begins  and  remains  open  through  .exhaust  stroke  and  20  degrees  mto  the 

intake  stroke  ^  '         '  . 

Valve  overlap  Both  intake  and  exhaust  valves  are  partially  open,, the  intake 
valve-  IS  starting  to  open  while  the  exhaust  valve  is  not  yet  Closed 
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principles  of  operation  -  two-stroke  cyclfe 
.    Unit  iv  *  • 


.        UNIT  OBJECTIVE  •    •  - 

After  cornpletion  of  this  unit,  the  student  «hQuld  be  able  to  ijdentify  the  components 
'  ar>d  discuss  the  operation  of  a  ^two-stroke  cycle  engine..  This  knowledge  will  be  evidenced 
.    by  scoring  eighty-five^eixer^Jonithe  unK  test.      '       /    .  * 


-       SPECIFIC  OB^jefcTIVES*.     '  , 

After  connpletion  of  th^frunit,  the  student  should  be  able  to:  - 

>  1,  '  Match  terms  associated"  yvit-h  two-stro1<e^  cycle  6ngirtes  to  the  correct 
'  .  '  defmitions.     •     *  \  '  '    '  ' 

•••  •  .       '        ^-  .  : 

/  '  2.  Jm»  Identify  -  the  components  of  a^basicr^tvw|troke  cycle  jengine. 

3.  '  •  CHscuss  the  operajion  of  a  two-strike  cycle  -engine.  '  ^ 

:  •■  "  •-      ■       ,  ■    -     V  ■' 

4.  yentify  the  typeset  valves  that  may  be  used  irt  two-stroke'cycle  engines.. 

- '  '      /      '  .        '  ■  ,  . 

5.  Select  the  ffiqtors  whieti  determine  tirnirTg  on  a  two-sjroke  cycle  engine.; 

Distinguish  betwfeen  cross-sc^enged  and  lopp-scavenged  two-stroke  cycle 
engines.  '  ^ 

7.  *  'List  features  which  make  a  twa-stroke  cycle  ^njine  preferably  for  rfiany 
applications. »  ;  '  -  '  '  ^  ,  : 

8.  ,    Discuss -fttf"Haiportan.ce  of  correct  exhaust  system  design  on  a«<wo*stroke 
cyjcle  engine,  •  ''V  *       '  .  "       ,  -iC*- 
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PRlMClPtES  OF  OPERATION  -  TWO-STROKE  CYCLE 
\    UNIT  IV 


SUGGESTED  ACTIVITIES 


Instructor: 


A^M^rWide  st^d^t  with  objective  sheet 


^  ProvKie  student  with  information  sheet  -  I 

C.  Make  transpg-rehcies/ 

D.  vDiscuss  unu  and  specific  objectives   ^'       -  - 

E.  Discufis.  information  sheet      *  .  ^ 

F.  Demonstrate  -location 'of  components  on' a  five  engme. 

G.  Disassemble  an  engine  so  that  students  caa  idemify  individual  components. 


_    ^  H.     Provide  examples  of  reed  and  rotary,  valvej 
'  ts  ^       Provide  ,exampl^  of  cross  scavenged  and  lo(Sg.-scavenged  engines 
,    J.     Demonstrate  the  use  of  correct  and  incorrect  e^hauat  system  designs. 
K.     Giv^  t&st 
ri  StuSent 

A     Reacf  o^§^Trve„  sheet.    .  •  *' 
/  B-  '  StucJ"v^Af*r1x)rmation  sheet 
^    '  C     'Lpcate  'cornponents  on  a  live  engine 


D     Observe  different  t^es  Off  vajves.  \^ 
E     Observe  cross-scavenged  and  Jqop-scavengepl  engines. 


Take  test^  ^ 


ri^RUCTIONAL  MATfRIALS 


I.    Included  in  thts  unit 
p(    Objective  sheBt 
B   .  InfOcma'tion- sheet 
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Transparency 

masters 

1  ' 

TM 

1  Two-Stroke  Cycle  Engine 

I' 

TM 

2  -Operation  of  the  Two  Strpke  Cycle  Engine 

3. 

■TM 

3  :Reef^  Valves^ 

4 

TM 

4-  Rotary  Valves  and  Piston  Port 

5. 

TM 

5--Timing  Essentials 

6. 

TM 

6 -Design  Variations                      .  ^ 

7^ 

,  TM 

7 -Exhaust  System  Design 

Test 

E     Answers  to  test         *    '  ^ 

References  .       •  ^ 

'  ♦  ■  .        ,        •  *  . 

A.  Roth,  Alfred  C  and  Ronald  J.  Batrd-  SmalP  Qas  Engines  South  'Holland, 
Illinois   The^  GoodheartWilcox  Company  "'Inc.,  4976.^ 

B.  Small  ^Engine  Service  Manual,  llth^dition.  Kaqsa^  City,  NJiss'burr- Technical 
Publica%ons  Drvision,  Intfertec  Publishing^Cor^oration,  1976. 
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PRINCIPLES  OF  OPERATION  •  TWO-STROKE  CYCLE 

UNIT  IV 


INFORMATION  SHEET 


I     Terms  and  definitions 


A     PorTS-  Openings  tn  the  cylinder  wall  which  allows  the  fuei-air  mixture  to 
enter  attd  the  exhaust  to  escape 

B      Transfer  port-  Passage  which  allows  movement  qf  the  fuel-air  mixture  from 
the  crahkcase  into'  the  com^pustion  ghamber 

/ 

C      Rotary  valve--Flat  circular  plate  with  ^section  of  the  plate  cut  away  that^^ 
operates  between  the  carburetor  and  the  crankcase 

D      Reed  .valve  (leaf  vaivel-One  way  valve  made  of  sp'ring  steel  whi^h  allows 
the  fAjehatr  mixture  to  flow  in  one  direction  only 

E    "  Cranl<cast^  pressure-  Pressure  built  up  in  the  cranlfcase  by  thj.e  down^vard 
movement  of  the  Diston 

(NOTE    This  ^causes  the  fuel  air*  nuixture  to  move  *ntQ  the  comJbustion 
hamber  ]  •  '  ^  ^ 

f  • 

Crankcase  vacuunn  Negative  crankcase  pressu'^e  created  when  piston  moves 
upward  in  cylinder 

G  V  Exoansion    chamber-  Exhaust    system    specially    designed    to  pro^ute 
^    ^.,aximum  horsepower  at  a,  specific  RPM  range 

\     Components  of  a  basic  two-stroke^  cyde  engine  (Transparency  1) 

(NOTE   iVie  two  stroke  ovcle  engine  may  be  referred'to  as  a  two  cyciejfpngme  ) 

A  Cylinder 


B 

G 


Piston 
Crankshaft 
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III 


b.     Connecting  rod  *  * 

E      Cylinder  head  ^  ♦  ^ 

F      Crankcase  •      ^  »         •  • 

(NOTE    The^  cylinder  and  cylinder  head  may  be- made  as  one*  piece 
iratioh  of  two  str6k^  cycle  engine  ^Tfan^arency  2) 


Piston  moves  up  in  cylinder  drawing  fuel  air, 'mixture  into  crankcap 


2-37 


V 


inform'aiion  sheet 


\ 


B,  Pistoa^'oves  d<3wn  cylinder,  p^essunzmg  mixture  m  crankcase 

C.  Pistjon  moves  past  transfer  *p6rt  a^low^ng  pressurized  mrxtur?*to  move  into 
combustion  chamber  '  ,  •        .      ^-  ; 

D     Piston  moves  up  in  cylinder  again 

1        Compresses  fuel  air  mixture 


«  2.       uraws  more  fgel  air  mixture  into  crankcase 
E     Spark  plug  fires  c^ompressed  mixture 
F     Combustion  moves  piston  back  vJowh  cylinder 

* 

1         Piston  uncoN^s  exhaust  port  as  it  nears  bottom  of  stroke  allowing  6 


esc 


exhaust  to  esc^pe 

2        Piston  uncovers  transfer  port  as  it  moves  n'eafer  bottom  of  stroke 
allowing  fresh  charge  of  f^iel-air  to  enter  combustion  chamber 

G     Piston  starts  back  up  cylinder  closm§  both  transfer  and  exhaust  ports 

!V.    Valves  useci  in  two-stroke  cycle  engines  (Transparencies  3  and  4)  ^ 

A     Reed  valve  ^  . 

B      Rotary  v^lve^  ^  ,  « 

♦      C      Piston  port  ^ 

v.    "F^c^^^rs  which  determiile  timing  on  two-stroke  cycle  engihes  (Transparency  5)^ 
A  ,  Location  of  intake  port  \  /  •  ^ 

B      Location  of  'transfer  port 
C      Location  of  exhaust  port  ^/^^ 
Vl  ^  Design  variations  (Transparency*^       ^         '  * 

A     Cross  scavenged  '  " .  -  ^ 

'   r  1   *'    Specfal  pi^Wnf^^^p^  ac^^^^^^^^^ 

6eflecte4' ^u*i-'^(r  ch%^ge''fTii^#^,upWrd  cylm 


If. 

,3.:    . pfeveij'te^d  front  goiog -strajght  out  exhaust  port 
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^INFORMATION  SHEET  ^ 


B.     Loop-scavenged  • 

1.  ,  Transfer  ports  shaped  and  located  so  that  incoming  fuel-air 

mi'xture  twirls 

2.  Controlled  flow  of  gas  helps  exhaust  out  and  new  charge  to  enter 
V\\     Features  which  make  h  tyvo-stroke  cycle  engme  preferable  for  many  applications 

A     Simple  design  •        ^       ^  ^ 

B.  Lrght  weight 

C.  Smaller  size^.  for  equivalent  hprsepower  ^  •  ^ 
D  '  Adequate  lubrication  in  any  position 

E.     Continuous  supply  of  new,  clean  oil  to  all  m'oving  parts 
VIII.  .  Correct  .exhaust^  system  design  (Transparency  7) 

A     Scavenges  all  exhaust  from  combustion  chamber 
%      B     Allows  new  fuel  charge  to  move  into  combustion  chamber  rapidly 

C.    Sound  waves  hofd  fuel  charge  momentarily  while  exhaust  port  is  open 
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TWO-STROKE  CYCLE  ENGINE 


Cylinder  Head 


Cylinder 


Crankshaft 


Crankcase 


Conn ect i n g  Rod  —         '  j 


Piston 
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OPERATION  OF  THE  "(WO-STROKE  CYCLE  ENGINE 
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#  r      -  '      >  REED  VALVES 

1  -  ' 

,         INTAKE  MANIFOLD 

/  * 


FRONTAL  VIEW  dF  REED  VALVE 


TM  -  3 


SE  ■ 


ROTARY  VALVfeS  ANE>  PISTON  PORT 


ROTARY  VALVE 


ROTARY 
VALVE 
FULLY  . 
OPEN 


FIRING  CHARGE  IN  CYLINDER 


EXHAUST  PORT 


INTAKE  PORT 


I « 


^NTAKE  AND  COMPRESSION 
\§TROKE- 

TWO-STROKE  CYCLE 
PISTON  PORT  ENGINE 


2\\ 


TM  -  4 


SE  - 


TIMING  ESSENTIALS 


INTAKE  PORT 


EXHAUST  PORT 


TRANSFER 
PORT 
(1  of  2) 


EXHAUST  PORT 


TRANSFER  PORTS 
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DESIGN  VARIATIONS 


TR^SFER  PORT 


REED 
VALVE 
CLOSED^ 

CARBURETOR 


EXHAUST 


DEFLECTOR 
PISTON 


TRANSFER 


CARBURETOR  AND 
ROTARY  VALVE 


EXHAUST 


rrDEFLECTOR 


PISTQN 


ROTARY 
VALVE  - 
DISC  / 


CR0SS  SCAVENGED 


INTAKE 
CARBURETOR 


IShaust  .exhaust 


•TRANSF 

LOOP  SCAVENGED 


INLET 
PORT 


AUXILIARY  •  .  . 
TRANSFER,  PORT  - 


V. 
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'  EXHAUST  SYStEM  DESIGN 


<9 


HIGHEiRPi?ESSURE 
1NSIDP 


•COffRECt 

"  LOOP  ACTION  OF  *UEL  CLEANS 
'OR  SCAVENGES  BURNaTGASfeS**.^ 
ALSO  tfAS  COOLING  EFFECT 


LOW  PRESSURE*.  *  ^ 


exhaust:out 


SCAVENG^NG  EFFECT 


V. 


TRANSFER  PORT  ^ 
PULLS  NEW  FUEL  ,  ^ 

.    CHAR^I  W  FROM   .  REfLfCTED  SOJl^D  WAVES . 
CRANKCA^S^     HOLD  FUEL  CHARGE.  IN  CYLINDER 


squnC  waves 

CREATED 
BY  EXHAUST 


■WITHOUT  BACK  PRESSURE 
'AjEL  CAN  GO' RIGHT  OUT 


INCORRECT 


ERIC 


.  IF  PIPE  IS  TOO'tONG,  SOUND  WAVE  EN€RGY  CANNOT 
REACH.EXHAUST  PORT  IN'TI*\E  TO  HOLD  FUEL  CHARGE  IN. 


TTW\M))))\ 

'         .1-  V 
SOUI^aWAVE 

ENERGY    _  ' 

TOO  PAR  AWAY 


FUEL  WASTED 


;        axpSCAVENkC/fij- EFFECT 

'   ^RPE.TOO  LOrJt)'  . 

OVmS?LVEN.(5.INfe  FROM  WRONGAENGTH  OF^XHAu4t  PIPE^ 


-  .ilk*    \    >       *  Z^-^ 
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PRINCIPLES^F  OPERATION  -  TWO-STROKE  .CYCft 

UNIT  -IV     -  . 


NAME 


■TEST 


Match , the -terms  oh  the  right  to  the  correct  definitipns. 


/ 


a.  Pressui^^ilt  wp  in  the  crankcase  by  the 
downwai^  ^nrfbvement  of  the  piston 

b.  One  way  valve  npade  of  spring  , steel" 
which  allows  jthe  fpiel-air  nnixture  to  flow 
in  ,one  cjirection  only 

_c. 'Openings  in  41^  cylin^e^  wall  which 
•allows  the 'fuel-air  mixture  to  enter  and 


1. 
2. 

3. 
4. 


the  exhji&ust^  to 'escape 


_d.- Passage  which  allows^/riovement;.orsi;fte* 
fuel-dir  mixture  fcom'the  crankcase  into 
'/the  combustiori  chamber      »  •  s^'S,*  6. 
'       '  '         ^ ,  ' 

_e  ^Ffat  circular  .plate,  with  a  section  of  the  ^ 
'  plate  out  away  that  operates  betw^n  the;'  t  "7. 


carburetor  aV]d  the  crankcase  ,  ^ 

f  Exhaust  system  specially  designed  to 
produce  maximum  ^horsepowers  at  a 
specific-  RPM^range      \     ^  ^ 


^g.  Negativ^^  crankcase    pressure  -created 
when  piston  rVioves  upward^'^in' cylinder 


•1 


Transfer  port  * 

'Reed  valve 
(leaf:  valve)    ^  . 

Ports  /  ! 

Expansion 
chamber 

Crankcase 
prefssure 

Crankoase 
vaQuum 

Notary  valve  ^  - 
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Identify  the  types.of  vat^r^-ibiat'^iriay' be  used  +n  two-stroke  cycle  engines. 


•  b. 


c. 


Select  the -factors  which  determine  timing  on  a  two-stroke  cycle  engine 
 a.   Location  gf,  transfer  port  > 


b*  Location  I6be  posrtions 

c    Location  ^ai^xhau,st  valve 
d.  ^^cation-of  intake  port 


e.  LocatioQ  of- exhaust  port 


Distinguish  betweTen* cross  scavenged  and  loop-scavenged  two-stroke  cycle  engines  ; 
by  wnting  the  n^m^  of  each  in  the  appropriate  blank. 
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148B 


I  • 


.  i: 


^It  three  featu^  wh^ch  make  a  two-stroke  cycle  engine  prefej-able  for  Tnany 
applications  \  '  ^ 


ai^. 
b. 

c 


Discuss  th^  ^mportapce  of  por/ect  exhaust  :syst€m  design  on  a  two;6troke  cycle 

■  \  • 


'  jngine 
4 


■7 
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PRINCIPLES  OF  OPERATKDN  ■  TWO-STROKE  CYCLE 
■         .    •  '  UNIT  IV  .  . 


•      .        *  .     ANSWERS  TO. TEST 

•  " .  ■* 

1.  *    a.  *   ^  "  "S-  7 

b.  2.      ■  ,    ^-  4 

c.  3        *  g.     6        ;  • 
-  d.  .   1  ■  * 


tinqVod  r  .  J  '  .* 


2  Z*^.  Piston 

b.  Cranksh^ 

c  Connecting^od 

d.  Cylinder  -  '  ,  ^  '  . 

*e  Cylin^  head  '    ,  _ 

f  ,  Craf^kcase  '  ^       '  -  ' 

DiscussiJ^  should  include"     ^  *  "  ' 

a  Piston  moves  up  in  cyliiftder  drawinjg  fuel  air  mixtuite^  rnto' crankcase 

•    "       .   \  .  .  <     .  - ,  ■ 

b.     Piston  moves  down  cylinder,  pressunzmg  mixtUre^m- crankcase  * 

c      Piston  moves  past  transfer'  port  allowing  f)resfsurized/m!'yture  to  move  into 
combustion  chamber  -    .  ^  .  .  *  . 

*  ,  ,j  ^  •  » 

d.     Piston  moves  up  in  cylinder. again       *  ^  ,    .     *  .  " 

1.  •  Compresses  fuel-air  mixture  ^  >  .    '     .  *    ^  *  * 

2.  Draws  more  fuel-air  mixture  into  orankcase  *   '      *  ' 
e      Spark  ,p^uq  fires  compressed  mixture'  *^       .    ^  ^  •  ■ 
1      Combustion  moves  piston  back  down  cylinder  ,      .          .  .  '     '  < 

*  *  .       .    ^  ■       '  •  • 

1  Piston  uncovers  exhaust  port  as  i<^ars  l^ottom  of  stroke  aWpwmg 
t                exhaust  to  escape         ^  f        *  ;        =4;    j  ..^  . 

/  ,  *.     ^        '  /  ' 

2  'Piston  uncovers  transler  port'as  it  mpves.nearer  bdtto'm  of  stroke, 

allowing  fresh  charge  of  fucfl^air  to 'enter  combustion  charrrber 

/  • 

*  '  /  ■  • .  ^ 

g   .  Piston  st:arts  back  up  cylinder  *clos;/ng  both  transfer  and  exhaust  ports 

#         •      •  * 

252  * 
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I 


a.  Rotary       ,  .  -  '  , 

b.  Reed  '  *   •  ^ 

c.  Piston  port  .  \  . 

a,  d, 

a*      CrQSS  scavenged  »         /  ^ 

b*      Loop-5Cavenged  ^     .  • 

c.   *  Cross  scavenged       ^  ,  < 

d      Loop-scavenged  ♦ 

Any  three 'of  the  following  .  . 

a      Stnnple  design    .    •  ^        -  " — - 

b.  Light  weight 

\  I  \  * 

SmaNer  si-ze  for  equivalent  ^horsepower 

d'    Adequate  lubrication  in  any*po^rtion 

e      Continuous  sup^f  of  new,  clean-  oi!  to  all  moving  parts 

Discussion  should  include 

a      Scavenges' all  exhaust  from  combu'stion  chamber 

b      Allows  new  fue^  charge  to  move  mto  combustion  chamber  rapidly 

c;     Bo'J  id  waves  hold  fuel  charge  momenlanly  wtule  exhaust  port  is 


*  • 
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BASIC  ELECfRieiT 
'UNIT  I  ' 


UNIT  OBJECTIVE 


SE  ■  1-C 


-  i 


After  completion  of  this- -una,  the  sttJident  shoulol  be^able  to  disCuss  typfes  of  current 
and  the  relationship  l^tween  electncTty  and  magnetism  ^The"  stubent  should  also  be  able 
to  identify  types  of  electrical  circuits, and  demonstrate  the  ability  to  solve  problems  usinn 
ohnl's  law  TfTis  k+iowledge  will  be  evidenced  through  demonstration  and  *by  scoring 
eighty  five  percent  on  the  unit  'test 


SPECIFIC  OBJECTIVES 


After  comf;letion  of  this  unit    tfie  student  should  he  able  to* 


1  Matc^^  term^  associated  with  basfc  electricity  to  the  correct  definitions 

2  .       Select  sources  of  electricity  related  to  smali  engine  repair 

.     \  .  ■ 

3  Select  parts  of  a  basic^ircmt  » 

4  DiStingutsI^  betv/een  good  conductors  and  insulators  of  electricity 

5  Discuss  direct  a^i  alternating  turrent 

6  Explain  v/^y'  copf)er  is  v/ideiy  used  as  a*con(;]uctof  . 

7  Match  the  brisic  circuit  terms  to  their  ur^ts  ^  measure  ^ 

8  Mat'h  the  bas.c  e'ectttcal  sch^TidtiC  syrr^bols  ta^he  correct*  names 

9  Match  the  lette''  lesionations  'used  In  ohm's  law  to  the  coj-rect  tern(^s 

10  Draw  ohTi's  law  formula  in  tnang'e .  expression  * 

11  Ctd*e  ohn^'s  law'  in  letter  foTnula  for  calculating  vbltagel  current^  and 
resistance  '    .  ^  , 

12  Identify  three  tyf)es  of  electrical  circuits 

13  .  List  three  rules  for  series  circuits  # 

14  List  three  rules  for  parallel  circuits 

15  f     Select  factors  effecting  r.esistance  in  a  conductor 
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Select  the  characteristics  of  magnetism. 

Explain/twgfways  andiron  bar  may  be  magnetized. 

ofscuss  the/^elationship  between  electricity  and  magnetism  ' 

Selec^  faclors  thai  dtittifirnn^  the  magnitude  of  induced  voltage 

Select  mstrun^ents  used^  ♦ci  chrecking  electncaf  cj^rcuits." 

Sol^  problems  u"smg  ohm's  law  formula      -  {  ^ 


4 


I 
1 

Sfe  • 


BASIC  ELECTRfCTTV 
UNIT. I      _  • 


SUGGESTED  ACTIVITIES 

.Instructor:        /  *  * 

A.  Provide  '  student  with  objective  sheet.* 

B.  Provrde  student  with\nTormation  and  assignment  sheets. 

C.  Make  transparencies. 
D-    Dicuss  unit  and  specific  bbjectives. 
E.     Discuss,, information  and  assignment  sheets.  *  ** 

Discuss  electron  theory  to  promote  a  basic  understanding  of  electricity. 


G. 


Demonstrate  magnetic  Imes  of  force  by  using-iron  filings  and  a  conductor. 


H.  Demonstrate  the  construction  of^a  series  and  a  paraTleT  circurt. 

I.  *  Give-  test        •  -  .  \ 
Student   *  f 

A     Read  objective  sheet.  •     '  ' 

a     Study  ihforrr^atiori*  sheet. 

C     Complete  ciSSigrVient  sheet.  ^ 

D     'Participate  m  discussion  of  electron- theory. 

E.     Observe  the  construction  of,  a  series  afnd\a  parallel  circuit. 


\ 


Take  test 


INSTRUCTION'AL  MATERIALS 


luded  in  ^tl^s  unit. 

A.  '  Objective  shefet 

B.  Informatio'n  sheet 
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C.    Transpar^cy  masters  •  "       •  . 

,    -    >'^-  •      '  -  - 

I..' TM  ,1 -Sources  of  Electricity 

2.  TM  2"6hm's  Law  m  Triangle  Expression  ^  '\ 

3.  TM^s'^T^hfn's  Law' -in  Lgtter  Formura  ^       .  \ 
4  TM  4--Types  of  Electrical  Circuits 

^     5  TM  5-'SBries  Circuit  Rules  » 

6  TM  6--Parallel  Circuit  ^Rules 

7  .  TM  y-  Maq^tisn^  and  Field  of  Force    \:  >     ^  ^ 

8.  TM  8  -Electricity  and  Magnetism  Relationship 

9.  V  TM  9--Measuring  lnstru?nents 

D.     Assignment  Sheet  #1- Solve  Problems  using. Ohms  Law 

E      Answers  to  assignment  sheit 

F.    Test*  ^  .^^^  - 

G     An'swers  to  test  *  .  , 

References. 

,  • 

A)    Pdrady,  Harold  VV  ,'and  Turner,  J  Ho\A/ard.  Eler.tnc  Energy.  Athens,  Georgia: 
A-nencdn  A?s6ciation  for  Vocational  Instructional  Materials,  1976 

B  '   Small  Engine^,    Valume  2.  ■  Athens,  Georgia:  American  Association  for 
Vocational  Instructional  MateriaTs,"  197 1  * 
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^BASIC  ElECTRICITY 
UNIT  1 


4NF0RMAH0N  SHEET  ' 


I.  ^^Terrn^  and  definitions  •       '  ^  ^  ^ 

A     Ampere;- Unit  of  measure  for  electrical  current  ^     ^  •  . 

B     Ohm-  Standard  unit  for  measuring  resistance  to  flow  of  ^  electrical  current 

C     Resistance -Opposition  to  current  flow  in  a  conductor 

.    D.    Voltage  (emf)  -Electromotive  force  which  cause%  curren^  to  flow  in  an 
electrical  circuit  •  -  '  ' 

E     Current  Fljov;/  of  electrons  through  a  conductor,  measured  in  amperes 

*  »  *  * 

F.  Conducto^;* Substance  or  body  -through  which  an  .etectrical  current  readily' 

f  OWS  .  '         ^     ,^  ' 

Examples.    ^  Copper,  aluminum,  sUver      .       •  ' 

G.  insijiator  -Matenai  which  does  not  readily  permit  current  flow 
E^'ampies.       "lubber,  glass,  porcelain,  air,  oil,  and  plastic 


H  Semicondifctor-  An  element  with  an  atofriic  configuration  which  makes  it 
neither  a  good  conductor  nor  insulator 

41 

"  "Cii^it  Continuous,  unbroken  path  along  a  conductor  through  ^which 
eie':trjcei  current,  can  flow  from  a- source^,  through  various  units  and  back 
to  the  source  * 

J.  Capacitar  (condenser) -Device  A'hich  stores  an  «lectri^cal  charge 

K  Ammet^er-  Instrument  ^or  measuring  the  flow  of  electrical  current  iiV||fTiperes  ' 

L  Magnet  -Body  which  has  the  property  of  attracting  iron  or  other  magnets  ' 

M  Magnetism-Power  to  attract  other  similar  materials  * 

N     Magnetic  induction-  Inducing  voltage  in  a  conductor  that  movfs  across  a-^ 
,  magnetic  field 
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/ 


0  INFORMATION  SHEET 

.  f 

II.  Sourc^  of  elec\icity  (Transparency"^!) 

A.  Ch'e'rinica] 
Example:     *  Battery  f 

B.  Magnetic   -  ^      ^  \ 
Example:  "Generator 

III.  Parts  of  "a  basic  circuit 
A     Voltage  SQurjce       ,  , 

•    •       Examl|le.  Battery. 

B.     Resistor  •  •  t 

9 

Example         Light  bulb 
,  -  * ,  C.     Conductor  ^ 
Example:        Copper  wire 

IV.  Conductors  arid  insulators  of  electricrfy 
A.  Conductors 

J  Silver 

(NOTE:  Silver, has  the  (east  resistance  to  current  flow.) 

2  Copper  »  • 

3  •  ^Gold 


r 


*  Alummum 
^ngsten 
6.  Zinc 
7  Brass 
8^  Pl^tmum 
>9  Iron 
10.       Nickel ' 
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h. 

•Tin 

12. 

Steel 

Lead 

r  14. 

15. 

Mercury  j  .          ,          ^     '  ' 
Nichrome  ' 

'  "(NOTE: 

Nichrome'' has  the  highest 

B.  Insulators 

.  1. 

Glass 

A 

2. 

Rubber 

3 

Plastic 

4 

Wood 

» 

5. 

Ceramic 

*  "6. 

Mica 

Direct  and 

aTterrnatirig 

current 

A.  Direct 

current 

1 

Supplied 

by 

a      Generator . 
b.  battery 

^1)       Dry  cell 
2)       Wet  cetl 
Flows  in  one  direction  only 
Abbreviated  'as  DC 
B.     Alternating  current 


\ 


1.  Supplied  "by  an  alternating  current  generator  (alternator) 

2.  ^     Flpws  m  one  direction  then  rgverses  and  flows  in  the  opposite 

'  direction  v      * . 


Abbreviated  as  AC 


8-C 

.     INFORMATION  SHEET  -        .  - 

-.  -  ■  'V-  ■     ■•-  ■■■  . 

--j^^^"-^:—  yx^  -  Copper  as, a  condMCtor-Cbpper  is  a4iigoc5d  conductor  because  it  has  only  one 
^    4     ^      ^^jj^lectron  in  outer  ring  and  is  comparitiyely  cheaper  than  o^r^Mn&t^ls  wrtTch  may 
Kave  simjigr  properties 


VII.  Circuit  terrrifs  and  urrtts  of  measureu 
0^    Curre^it-^mperes  •  ,  ^ 

B/    Voltage- Volts  ^"^^Ij^ 
-  •  C.     Reslstance  -Ohrris 

VIII,  ,  Basjc -etectrjcal  schematic'' symbols 

A.    Resistance  or  load 

•    B.     Ohms  bf  resistance 


D.    Solenoid  -HTWF^ 

FT  I  Ml 


4 

J, 


4 


4 


ERIC 


4 


0  ^ 

0 


c 


I 
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OftMATION  •SHEET,, 


I 


R     Silicon  controlt^  rectifier  (SCR)  ' 


IX    \etters  ahd  terms. 

F-  Electromotive  force  in  volts 
^B.     I- Intensity  (current)  m  amps 


^   *  C.     R  -  Resistance  in  ohms^      .  i- 

I* 

X     dhm's  law  formula  ta  triangle  expression  (Transparency  2)*  * 


V 


(NOTF  .  E  1  R   formula  reminder  is  the'phrase  "Even  I  Refnerfiber 
X^     Ohm's  taw  in  letter  formula  (Transparency  3)  » 

A     E  -  1  X  R  or  Volts      AanP5  x  Ohms      .  - 
*    '   8  .    1-  -^E./R  or  Amps  -  -  Vol.ts  -  Ohrjis  "  * 

*  C      R  -  E^i  or  OKms  =  Volts  -r  Amps  "  ' 


XI!     Tyoos  of  electrical  Cij;cuits  (Transparency  4) 


A  .Series 

8  Parallel 

C     Senes  parallel 


282: 
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-   INFORMATION  SHEET 


X'     .  •  % 


XIII  Rules  for  series  circuits.  (Transpareficy  5) 
A.     Current  threugtt^feacli  resistor  4S  the  same 

B-  '  Voltd^^drops  across  e^K^h  resistor  will  be  different  if  the  resistance  tralues 
dfe  diffeVerrt 

C. '   Sum  of'-the  voltagV  drops  equals  the  source  voltage 

XIV  '  Rules  for  parallel -circuit  (Tsransparency  6) 

'A     Voltage  across  each  resistor  is  the  same  *  ^ 

B      Current  through  each  resistor  wiij  be  different  if  the  r^SFKtarnoe  values  are 
d'ffL'rent         •  '  . 

C     Sum  of  i^^e  sefjaiate  currents' equals  the  total  circuit  current 

XV     Raclcs  c^ffect'pq  resi^.tance*in  a  'conqiuctor 

A^    U'-iqtr^  .  ^'        J  ' 

Diavmeter  *         ;    .  ■    ,  "v 


b4  Cun^oi]^i'ifori 
XVu.  Cna'icteris'tics  of  4»^^iqne*t!'sm  ^Tram^parency  7) 

A     Ev'S'V  magnet  h;is  a  north  and  'south  pole 

»     .        • .  '        -      •  > 

•    B.  •  Unlike  -po'es  attract  and 'like  poles  repel 


1 


,£    .  t^ery  nla^n^t.has  a  fieici  of  force  .surrouhdincj  it^ 
D    ^Magn^^fc  rfa^tenals  are  .acted  upon  whexvlocated  in  a.  field  of  1orgp 


E      An  ljnn>a§^etf/e^i  piec,e  of  iron  ,can  become  a  magnet  by  surrounding  it 
With  a  curf(»nt^arrying  coii  *  r 

XVII     fVlaqnetvinti  an  iron  bar  •  .~         ^  ,  > 

*     *  -       .  ^  •    ,  'r'       •  . 

%    .  .  1^ 

A     Sirol'^  51).  iron  barvvith  another  Jjjar  which. htis  been  magnetized 
'         *  .     ^    '  *  *■  ♦  ^ 

jt    .     B'     riaco  an"  iron  bar  in  a  strong  magnetic  field    •  .     #  *  .  * 

(\*Orr    So^*  -j'f'tjfs        'a»r ^rfjid.n  r^^nich  mdgn^itiSrn  v/h en  Withdrawn  from  " 
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Xyill.      Relationship  between' electricity  and* magnetism -(Transparency  8) 

•     •  .- 

^  ^     Current  ^sassed  ihrough  a  wir^  (cfonductor)" creates  a  magnetic  field  around 
*Hhe  vvire  •*        •  • 

B*-    Magnetic  Hftes  hBve  direction  and  cbange  direction  when  the  current  flow 
changes  fjioni  onQ  (direction  to  another     ^,  % 

(NOTE.'  The  Right  ^Hand  Rule  for  a-jStraigfit  conductor  can  used  to 
'  ^in'd  the^dtrection  o^  the  lines  of  force^around  the  wire.  To  apply^  t^fefrwle, 
•Wos^  tiiie  wire  with  *the  thumb  extended  in  the  direction  Df  conventional 
current  flow  (positive  to  negative),  the  fingers  w^ll-  t'hea^^oiftt  in«  th'e% 
direction  m  which  the  lines  of  fo'rce  surround' tHe  conductor  These  lines 
of  -force  are  alv^'ays  at  right  angles  to  the  cci^ductor.)  *  ^  ^ 
^  -  ,  '  ^      .       /  ' 

^       C      Conducto''  tTiov!ng_^  across  a  magnetic  field  ^wrl!  have  a  voltage  induced  in 

'  -  .    «     It  •*  -  '   '  '      '  '  : 

* ,  *    ■  » 

D     Voljdge  polarjtf  and  the  curr'em  flow  direction  are/dptermin^d 
d'f^ction  of  ^^re  moveiVient  and  .direction  of  the  lines  <pf  ^grce 

.    -     -   (NOTE  'The  conductor  "can  move  or  the  magnebc  field  ,Qan  movls  } 

E      W&v.s  to"  irtduce  .volt^g^  by  magnettc  induction  * 

/       *  * 

*  :    1  -      {generated  voltage  by  relative  motion       .  ^ 

^  Examples        Generatois  and  ^alter»n*ators  .     .  , 

"2        Sei'  induction  voltage  created  by  a  change  ^of  current  in  the 
—  conductor 

*  »       '  -       *  '' 

*  ^'Example   '      Pri^aiV  of  ignition  coils  . 

•  3        "Mutual-inductioVi  which  occurs\when  changing  current  in  bne  coil 

induces  voltage  in  a  second  c.oil 

.   /  . 

,  •  Example  Two  windmas  of  fgnition  coils 

.  .    -  Y  •  .  •  . 

'F      Two/conductors  on,  an  armature,  cari'ying*  cu|;^ent  in  opposite  directions, 
.        .  create  a  strong  and  weak  field  on  opposite  sidesxausing  conductors  to  move 
'apart  or  armature  to  rotate  -    .  »  ^ 

^MOTE^The  dotvn'f/ard  movement  or  rotation  iS  claused  b^.'durr&nt  flowing 
in  the  conciuctqr  This  is  th^ 'principle  by  which  a  cranking  motor  operates.) 
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INFORMATION  SHEET 

XIX.  /  Factors  that  cletermine  the  magnitude  .of  induced  voltage 

^.A.    Strength  of  the  magnetic  field  \       ^  • 

<  ,  •       ^  .  «. 

&.    Speed  at  which  lines  of  force  are.  cutting  across  the  conductor  a 

^       •  \  ^  f 

C.    Number  of  conductors  that  are  cuttmg  across  the  hnes  of  force 
XX. ^   Instrunnents  used  tn  cheokmg  electrical  j^ircuits  (Transparency  9) 

*  ^  r     *  * '  * '  .  ^ 

A.    Amfneter     "  •  '  .     '        .  • 

»  B/  'Voltmeter  ^  .  .         ^      .  '  V 

'  ^.     Ohmmeter  ^,  -     *  .      '  ^    .  ,         ^  ' 

^       '  ^        .    .  :       .  " 

(NOTE  .Modern  testers  often  combtne  ibe  voltmeter,  ammeter;  and  ohmmeter 


in  one  test  unit,  such  as  'a -battery-starter  tester.)*  . 


-1 

*  V 

V 
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*    SE  ■  13-C 


•  ,        SOURCE^  OF  ELECTRIGITY 


SE 


QHAA'S  LAWJN  TRIANGLE  EXPRESSIcfkl 


h  } 


E  =  VOLT8  I  =  AMPS    R  =  RESISTANCE 


NOTE-  SOLVE  1FOR  VOLTS,  fAMPS,  OR  RESISTANCE' 
.  BY  COVERING  tAe  IJNKNOWN 


EXAMPLE:  • 


COVER  E,  TH5W.E=  I  x  R 
COVER  I,  THEN  l  =E^R 

COVER  R,  THEN  R=  E  -  I 
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^  ,  •  •  SE  •  17  C 

% 

OHM'S  LAW  IN  LETTER  FORMULA 


*,  ELECTROAAOTIVE  FORCE-  CURRENT  x  RESISTANCE 
E  =  IB         VOLTS  =  AMPERES  x  OHMS 


CURRENT  =  ELECTROMOTIVE  FORCE 

  *  - 

RESISTANCE  ' 


E  VOLTS 

—  AMPERES^  r— 

R  OHMS 


\ 


ELECTROMOTIVE  FORCf 

RESISTANCE. =     .  .  .  

CURRENT 


E  '  VOLTS 
RiF— ,  OHMS 


I  •  *  AMPERES 


4 


V 


TM  3 
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TYPES  OF  ELECTRICAL  ClRCUJTS 


3  ohms 


6  ohms 


SERIBS^CIRCUIT 


8  ohms 


6  ohtns 


3  ohms 


6v 


PARALLEL  CIRCUIT 


8  ohms 


6  ohms 


1  ohm  .4  ohm 


SERIES  PARALLEL 
CIRCUIT 


V 
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SERIES  CIRCUIT  RULES 


< 


4  volts 

12V 


.9  ' 


8  volts 


A.  I=E/R 
1=12/6  =  2  amp 

B.  E=IR 

-  E=2  X  2  =4  volts 
E  =  2x  4=8  volts 

•  C.    4+?  =  12  volts 


270. 


-PARALLEL  CIRCUIT  RULES 


6  amps — ^->- 


2V^ 


2  amps 


4  amps 


6  amps 


^  .  A.  Battery  voltage  across 
each  resistor    12  volts 


B.  l.=  E/R    12/6  =  2  ampere 
l  =  E/R    12/3  =  4  ampefe 

C.  1=6  amps 

^R=  E/l    12/6  =  2  ohms 


271 


AAAGNETISAA  AND  FIELD  OF  FORCE" 


UNMAGNETIZED  IRON  FILINGS 


IKUN  I-ILING5— 


^  ^  X  MAGNETIC  LINES, OF  FORCE 


IM 


4       •  «  • 

LEADS  FROM  ^ATTERY 


/Is 


27;? 


SE  -  27-C 


H      ELECTRICITY  AND  MAGNETISM 

RELATIONSHIP  '   '  ^  ^ 


RIGHT  HAND  RULE  . . 
FOR 

STRAIGHT  CONDUCTOR 


ARROWS  SHOW 
DIRECTION  0% 
FIELD' OF  FpRCE'" 


STRONG  FIELD^TWE^N  CONDUCTORS 


CONDUCTORS  TEND  TO 
MOVE  APART 


^  CONDUCTORS  TEND  TO 
X     .  .  MOVE  TOGETHER 


J 


ERIC 


V 


1 


A  MOTOR  PRINCIPLE 


I. 


27,?' 


-  N 


TM'8 


act  . 


MEASURING  INSTRUMENTS 


n  n 


ELECTRIC  CURRENT 
*S  MEASURED  IN 
J^MPERES  - 
WITH  AN  AMMETER 


AMPS 


SE  -^^S-C 


.c 


1_1 


VOLTS 


ELEORIC  "PRESSURE" 
IS  MEASUREir  rH^OlJS- 
WITH  A  VOLTMETER  * 


 ^ — — ' 

 ^  ^  

i 

resistance  is- 
measured  in  ohms 
With  an  ohaameter 


274 


ERIC 


,.TM  9   •  \ 


SE  -  31 -C 


BASIC  ELECTRICITY 

urn, 


ASSIGNMBJT  SHEET  #1"S0LVE  PROBLEMS  USING  OHM'S  LAW 

A     •  ,  ■    ,     .    •  ■      .■  *•  ; 

^t^ead  thej^roblems^  a«d  use  the  triangte  expression. of  ohm's  law  to  solve -for  the  unknown  ; 
•  *f value  in'. each  Drobl^m.,  -  *     :    -   y,  .     ^  • 

1-    -  ^x.^  «  ■  • 

'Example*   -     Cover  tfre  unknown  in  the  triangle-  and-  solve^ 


0    '(NOTE.  E  =  Voltage;  H  =  Amperes;,  R  =  Resistance^    .  * 


*'       Show  your' work  on  ^^ch.  problem.  Turn  in  to  instructor  after  completion*  #  . 

1.      '/^  current  of  4  Amperes 'is  needed  to  operate  a  certain  lighf  bulb' having  a 
Iffcsisiance  of  3  ohms.  What  vdtagfe  is  required^     %    '  • 


Through  how  many  ohrps  of  resietanc^-does  12  volts  force  a  currant  of  12- 
amperes^  /  »  '  , 

7         •  »  »  .  (  •         <  ^ 


y 


^  * 


^'  *       (-NOTE;  The  electrical  ene/g^consumed  in  any  resistance  appears  a?  heat  There 


IS  a  defir^te  reratiori  bptWeerrth^  Povver^cposumed^^nd^  tj^g  heaj  Pioduced.  Ihi»^\^  . 
\\  '-I^-^INIIF^^^P^^         princiSle  thiat  erjefgy  cannot.be  destroyed)  ) 
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ASSIGNMENT  SHEET  #1. 


4.     J|j(\  light  bulb  having  a  resistance  of  6  ohms  uses  2- amperes  o'f  cCfrrent  while 
^  in  operation.  What  is  the  voltage  applied  to  -the  circuit^  ^ 


(      /        ^        /       f        J  ^  i 


5^.       A  hprn  connected  to  a  12  volt  battery  uses  2  amperes  of  cu'rrent  for  its  operation. 
•  ^^  What*  IS  the  resistance  of  the  horn? 


\  > 
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r 
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•BASIC  ELECTR^CiT.Y 
JUNIT  I 


ANSWERS  TO  ASSIGNMENT  SHEET  ^ 

I  *  *  « 

1.       Covering  up  the  E  shows  the  formula  for  this  problem  to  be  I  'x  R.  Therefore, 
E  =  1R  =  4  X  3  =  12  volts. - 


^.  '  "^V^.^'    ■  Coveftng"  dp  the'      ^ho<vs^  that  R      E/1  whicfi ^equals  12/12  i  1  ohm. 

••  •  \ 

'    -3.       Covenng  up  the  I  shows  that -I  =  E/R.  Therefore.  12/20  =  .6  ampBres. 

4  E  =  I  X  R*.  Therefore,  6x2=  12  volts.  ^ 

5  '      R-*=^  E/l.  Therefore,  12/2  =  6  ohms 
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BASIC  ELECTRICITY 
UNIT  I  '• 


NAME 


TEST 


■r\/iatcK_  the  terms  on  the  right  to  the  correct  definitions.  (Definitions  are  continued 
.on  the  •lowing  page.)  i  '    ''  , 


■   ^  a    Instrument  for  measuring  the  flow  of 
electrical  current  ,in  amperes 

 b  '^it  of  nieasUre  for  e'^^ctncal  current 


\         Deuce  which  stores  an  electrical  charge 


d  Continuous,  linbroken  path  along  a 
ccnductor  ^through  which  electrical 
current'caivfiow  from  a  source,  through 
various  units  and  back  to  the  source 


1. 

2. 

3 
4. 

6. 


Substance  or  body  through  which  an 
eiectrtcai  current  readily  flows 


Voltage  (emf) 

Magnetic 
induction 

Ohnn 

Magnet 

Conductbr  ^  * 

Capacitor  . 
(condenser) 


conducjtpr. 


•     •      *  ■    •      I  ^ 

'     Fio.v  o-  -e'ectro;:^  throu^^^a^i 

r-eosured  in  annperes  ^ 

y.*  MaleriaS  which  does^not  readily  permit  \ 
current  flow  *      '         .  • 

p    Body    which  -has    the  'property  .  of  , 
attractmg  iron  or  otnef  magnets  ]2 


7.  Amn^etef 

8.  ^„  Ampere 

\ 

9  Circuit 
Current 
Insutator 
Magnetism 


_  ^!     Powe'-  to  attract  otfier  similar  materials     '13.  ,  Resistance 

 _j   ^Star'.dard  unit  for  measuring  resistanc^ft  to    '  14.     '  Semicprxiuctor 

•     .    fla^j¥  of  an  electrical  current       /         *  .  " 

*   k    Opposition    To    current    flovy  im    a  ,      *  * 

conductor  -J  .  % 

 f    Indijciag  voltage  m  a  conductor  that 

*mV)ves  across^  magnetic'  field       *       \  *  * 

 m  An    ^  element      with     'an  atonnc 

•  configuration,  which  makes  ^  neither  ^i ' 
f        good  conductor  nor  insulator     -     •  * 
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A  * 


3. 


 ^ri..  Electromotive     force     which     causes  \ 

current  to  flow-in  an  electrical  circuit  ^  , 

Select  the  source^  o.f  electricity  r$l3ted  to  small  6ngi;ie  repair  by  pl^in^an 
"X"  in  \he  dppi^priate  blanks.     .    ^  > 


a\  Pressure 
b  Magnetic 


4  * 


 c.  Chemical  ^  i 

Select  the  parts  of  a  basic  circuit  h^y  43iacing  arf  "X*''  in  the  appropriate  blanks, 
a  Conductor 

b    Insula'tor  *        *        ,    ^  " 

[  c    Magnet  '    •  '     '  '  ^  '  ^fc^ 

d  ,  Voltage  source  ,         •     ^  -  ' 

e.  Resistor 


•  DistinguTsh  between  good  conductors  and 'insulators  by  placing  a  "C"  in  front 
^•o'f  the  jtems  that  are  good  conductors  and  an  "l"  in  front^f  the^tems  that 
are  insulators.  ,        ^       ,  •  * 


3.  Mercury 


je'  Wood 
_f  Nickel 
g.  Plastic, 


h,  Ntchrome^ 

i.  Silvrer 


1.    Gold  '        .  •         »  p 

k;  Ceramic  '       «  *a      ,         •  , 


t  Aliiminum 
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dAcus§  drregt  and  -alternating  current. 
^.  *  Direct 


^7 


b.     Alternating  * 


\ 


Explain  \|hy  copper  is_ widely  u^d  as  a  cpndoctor 


•  « 


r 


7        Match  tfle  basic  circuit  terms  on  the  Yjght  to^  therr ^units  of  measure.^/ 


EKLC 


_a^  Ol^ms 
^6.  Voks  ' 
c    Amperes  ,  *  ' 


v.     '  Current 
« 

•2.-  Resistance 
3,-  /  Voltage 


8.       Match  the  basic  electrical  schematic  symbols  on  the*  riqht  to  trte  cci^rect  names.     ^  '^  '^  - 


S<ilenoid           '  - 

.  '  b 

Battery 

9 

•  *c 

TerrrMna] 

. 'd^ 

Circuit  breaker 

>  '*  • 
Resistance  or  load 

'1 

.  2 
r  3' 


38-C  V  , 


g  ^Ohms  of  /.esistance  ,    '     '       \*  .  ^ 

h.  Ground       -      '     •    ' N.    '^^  T 


\.  Connection 

Switch  fopen) 
_k*  Crosaaver 
1  Fuse 


m  Diode  (one-way)   y  ^ 

^  ^  10. 

n.  Zener  dtode 


0  Capacitor 
p    Direction  of  current.  ^ 


*q  Silicon  controlled  rectifier 
r  Rheostat 


18,: 


Match  the  letter  designations^us,ed  in 'ohfri's  lawon  the  right  to  the;Cofrect 

'term<:                       '                                             .     \  I      •  • 

;     ,       -  -      IM\-  ,  : 

\  a.  Electromotive  force  in  volts  >  ^ 


b.  Intlnsitv  in.annps    ^      *  '       '  2.  R 

c    Refsistarrce  tfi  ohn|b    »  .  .  3.  E 


"    10.   '  t'Draw  ofwoS  law  formula  in^  triangle  expreSsio^. 


9. 

« 


11.''  State  ofiVn's  law  in  letter  formula  for  calculating  voltage,  current,  and  resistance 


.B.    1=  . 


20 1 
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Identify  the  'following  types  of  electrical  'Sfe'rfcuits. 


8  ohms 


,6  ohms. 


3  ohms 


6v 

6v 

List  thre^  rules  for  series  circuits.     ^-  %  • 

C-     -   *  .  . 

^LiSt  three  rules  Jor  parallel  circuits  *  *   '  i 

'  •  ^  '  '  .  ;         '  '       ,  '  . 

a;  ... 

Select  th4i  factors  feffecwpg  resistance  in  a  conductor  •by'placi'^O  an  'JX' 
apprropriate  blanks  "     *     •  *  * 


m  the 


,  a,  JLengtK  .  . 
5    Altitude  ; 


c  Viscosity 
_d  Diameter 
e  'Composition 


'f  Temperature 


2S2 


"16.  *     Select  the  characteristics  of  magnetism  by  placing  an  "X"  in  the  at)propriate 
blanks.  '  ♦   ^  * 

 a.  Every  magnet  has  a  nortK  and  west  pole   -  * 

r  b.  Magnetic  fjiaterials  are  acted  upon  when  located  .in  a  field  of^resistance 

•      '      ,         •  •  \  ' 

.  ^   c  *  Every  magnet  has  a  field  of  force  surroundifng  it 

*  '     d.  Untike  poljes  attract 'and  like  pales  repel-   ^  ' 


lb 


17.  «•    Expla4n  two  ways  an  iron  bar  may  be  magnetized. — 

a.  .  '  . 

18.  Discuss  the  relationship  bew?^  electncitv  and  nagnetism. 


/A 


4 


19.       Select  factors  that  determine  the  magnitude  of  iQtii^ed  voltage  by  placing  an 
"X^"  in  the  appropriate  blanks. 

 a.  Number  of  CQ£)(Juctors  that  are  cuttirt^  across  t|je  fines  of  force 


.  B.  Strength  of  the  magnetic  field 


c.  Atmospheric  pressufe  ^ 


^  d.  Speed which  lines  of  forewarn  gutting -across  the'conductor 
—        4.        .  . 
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20,       Select  instruments  used  in  (^flecking  electrical  circuits  by  placing  an  "X''  in  the 
*  appropriate  blanks.  ^  ,        -        .  ^ 

 a.  Extension  cord    -  -  ,  *  ^ 

 b.  Fuse  '        .  •     ,  ' 

'  0/  Ammeter' 

d.  Ohmmet^r 


%  -i 


^    e.  Voltmeter 


21.       Solve  .the  following  problems  usinc^.ohm's  law  formula. 

a.     A  current  of  1.5  amperes  is  needed'to  operate  a  certain  light  bulb  having 
a  resistance  of  8  ohms.  What  voltag^  is  required'^ 


b,     A  horn  fonnected  to  a  12  volt  battei-y  uses  4  amperes  of  current  for  its 
operation.  What  is  the  resistance  of  the  horff?  * 


*  * 
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BASIC  ELECTRICITY 
UNIT  I 


ANSWERS  TO 


K  -  "j  a,     7  .                     f.      10  k  13 

"b^     8  ■       ,       ^      g      11  ■                ,  I:   .  2  ■       ( {.  | 

c.  &  h.,  •  4  m.    14           '  \ 
d      9  I.      12  n.     -1  -  ■ 
e      5  )•     3  .          *   .     •  " 

1 

2.       b,  X  ■  .              ■  ' 

'3.       a,  d,  e  ^  . 

^        a      C  j:   '    *        el.  '       I.  C 

b      C  '  '                 f      C  j.  C 

c    '  I      "  *  g-   *i  •         k.  I 

d.  i'  '  h.     C  '  I.    .  C 
5        Discussion  should  include'      '  "     '  '  , 

'a      Direct  current      ,       *  '  -  *     _^  ' 

1)        Supplied  by         '  >  \  ,  - 

■  \  V  •■ 

a)     Generator  *  *        *  ' 

,    ^  b)     Battery  \*''^'-Nr  '  - 

;   'df  >  Dry  teH;  ^     .  \  ^       ■  -  . 

'        .  .  (2).     Wet. cell      yi/  -'^         ^  .       '      ^  - 

'    .  .  ^  %  , 

^  2)        Flows  m  o^e  directidn  cn*ily  .  ^ 

3)^^     Atjbreviated  as  DC'  ^  ^  //"  f 

.  *  ,      b.     Alternating  cVirrent    *^        '  \'  '  ' 

-  '  ^     *1)       ^'^pplied  .by  an  alternatfng' current  ger^erator  (alternator:) 

^2)        FjowsMn  one  direction  th^n  reverses  and  flows,  irl  the  opposite 
direction  '  '  ,  ,  ^  * 

^      3)        Abbreviated  as  AC  '  .      •  ' 


>^ 


w 

44-C 


■J 


3^ 


Copper,  is-^  good  condudtor  because  it  ha|g|ily  one  electron  in  ouier  rimg^and 
is  comparitively  cheaper  than  other  metaraPwhiph  may  have  similar  properties 


•  7.. 

a. 

b. 

2  ' 

A 

3 

-  ■ 

r 

f 

c 

/ 

ft  \ 

a  • 

^  1  1 
1  1 

T. 

1  u 

.1.  P- 

« 

b. 

9- 

9 

1 

1 

•Ir  q..  17 

1 

c  ' 

15 

h. 

12 

•  m. 

5 

,  t.*'18 

d. 

2 

1, 

14 

n. 

•  6  •  ^ 

e. 

8 

• 

16 

* 

^  9. 

a. 
*  • 

b 

3 

1  . 

c 

10 


a.  E  ^  IxR  orVoits  =  Amps  x  Ohms 

b.  I  =  E/R  or  Amps  -  Volts  -  oVfrns.         /  ' 
.  c  *  R      E/l  or  Ohms  ^  VoUs  -  Amps      \     .  *x 

12.  a.  Parallei        ^  -  ^ 
•   »  b.  Sertes'parallel 

c'  Series  -  • 

13,  a.  Current  though  each  resistor  is  ihe*^  same* 

^    b.  Voltage  drops  across  each  resistor  will-  be  different  if  the  resistance 
are  di-fferent  .  * 

'    ^     ^  ^  ^^ 

,    c.  Sum  of  thp  voltage  drops  equals  the  Source  Voltage 


valj^es 


2s.q  ' 
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a.     Voltage  across' each  resistor*  is  the  same* 


1  r 


Current^rough  eachVesistor  will  be  different  if  the  resistar^ce  valbes  are 
differeat 


•  1 


Sum  of  the  separate  cui  rents-^equals  th^  tofaUcircjutt  current  ; 

>.   ■  .  •  .  '  .  . 

c,  d  ^  \  -  '       /  - 

a.  Stc;oke  an  iron  bar  with  another  bar  which^  has  been\magnetized 

/     '  '  ' 

b      Place  an  iron  bar  in  a  strong  macjnetic  field  - 

Discussion  should  include  "   .  '  ^  .       •  ^ 

^.      Current  passed  through  a  wire  (conductor)  creates  a  magnetic  field  abound 
the  wire  7  -  " 

b.  Magnetic  lines  have  direction  and  charige  direction'  when  the  current  flow 
changes  from  one  cTirection  to  ano^L    .       .  - 

c      Conductor  mov/mg  across  a  magnetic  field  will  have  ^  voltage  induced  in 


Voltagp  polarity  and  the -current  flowJ direction  »are  determined  by  the 
direction  of  wire  moyement^'and  direction  of  the  Irnes  of  forge 


e     'Ways  to  induce  volta'ge' by  magnetic  induction' 


1.     ^  Ge'nerated  voltage  by  relative  motiort   .  ^  -  * 

2  Self-induction  v<Siteg^  created  by,  a  change  of  current  in-*th^-'./  . 
conductor  ^        ?■  '     '  '    '  't     ^  *  ^ 

3  Mutual-mductiCn  'tvhich  occurs  vyh'€n  changing  curr*eft]:'in  oneisoil  ^ 
induces  vo^ta^  in  a  .second  coil        -  '  . 

f  Two  conduttors  an  ah  armature,  .carrying  current  in  opposite  directions, 
create  a  Strong  and  weak  field  on  opposite  sides  causjng  conductors  to  move 
apart  or  armature  to  rotate  I 


a,  b,  d 
c,  d,  e 


a    *.12  volts 


D   -  3  oh;xis 


/ 
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IGNITION  SYSTEMS 

'  UNIT  II  -        \  • 

UNIT  OBJECTIVE 


After  completion  of.  this,  unit,  the -stultont  should  be  able  to  identify  ■the'compo'rTents 
find  state  the  purposei^of-the-^  igmtwn  system.  The  stud^pt  shoul(t*«fto^'be"able"  to^e?^' 
the  coll,  condenser,  armature,'  and  flywheel  magnets  and  remove  and  replace  contact  pointy 
and  condenser.  The  studept  shOuJd  also  be  able  to  te§t  and.a'djust  a  solid  state  ignition 
system  and  remo\/e,  sen/ice,  and  replace  spark -plugs/This  knowledge  vjil  be  evented 
through  demonstration  and  by  scoring  eighty-five  percent  on  the  ur;*rtest.  '    '    '  • 


.  '  •  SPECIFIC  ^OBJfctlVE^  * 


After  compietion  of  this^  uftit,  the  student  should  be  able' to. 
1         State  the  purtiose  of  the  ignition  system 
2 


Match  the  types  of  ignitioj  system^  to  the  correct  descriptions 
•    H     .  .  . 

3  Disttnguish-  between  tl?e  components, of  a  primary  and  secondary  battery 
ignition  circuit  .      ,  ^  '  ^ 

4  ^Identify  the  compon^s  of  a  magneto  ignition  system. 
5.     \^  Identify  the  components  of  a  solid  state  ignrtion  system. 

6"       Identify  the  components  of  a  breakerless  ignition  system.  . 
7.        Match  the  components  of  the  ignition  iys'tem  to,  the  correct  purposes<^ 
8      '  As^o'ciate  the  iiperatiortal  sttps,.?rW)  the'  rgnition 'systeVns  - 

:  w  ♦ 

d        Demonstrate  ]the  ability  tGf  ^ 

-  '        3      Remove,  servic?T*and  replace  s^ark  plugs. 

bj    ^Rlemove  and  replace  contact  points  and  condenser      *    '   '  . 
c      Tesl:  the  coil,  condenser,  armature,'  and  flywheel  magnet^/' 
6      Test  and  adjust  a  so^id  state  ignition  /system.  ♦ 

*     '     V  -  ' 

e    .  Check  igniti^,n  timtng.  ,  ^/^^  ' 
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IGNITION, SYSTEM 
-  UN-IT^IX 


SUGGESTED-  ACTIVITIES 

■  *  .  -  •  V  . 

I.  Instructor:  .  -      ,  ^     •    .  , 

^A.    Provide  , student  with  objective  sheet.*;    '     ^  *  . 

»  *  B:     Provide  student  with'  inforiiiation  and  job  sheets. 

C.  Make  .transparencies.  .  ,  ^ 
•                     >  »  ^ 

D.  Discuss  unit  and*  specific  objectives.    ^  » 

E.  Distuss'  information  sheet,  j    ^  '        ,  • 

F.  '    Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

G.  Show  exa^nples  of  the  different  types  of  ignition  systems. 

H.  ,,Give  test. 

II.  Student.-  / 


A.  Read  objective  sheet.  ,  • 

B.  Study  information  sheet. 

C.  0  Complete  job  sheets.  •  ,  ' 

D.  Study  examples  of  the- different  types  of  ignition  systems.^ 

E.  Take  test 


INSTRUCTIONAL  MATERIALS  ; 


Included*  in  this  unit: 
A     Objective  sheet 

B.  Information  sheet 

C.  Transparency  onasters 

1  TM  -1-Prima/y  Circuit 

2  TM  2-Second|fry  Circuit 


231) 


■J 


3.  TM  3-Magneto  Ignition  System 

♦ 

t  *  « 

4.  TM  4 -Solid  State  Jgnition  System 

Tiyi  5--Breakerless  Ignition  ""Systam  ^ 

TM  6--Prino<ples  of  a  Magneto  ' 

« 

TM  7  -PrmcipCps  of  a  Magneto '(Continued) 
TM  8';Principles  of  a  Magneto  (Continuedl^ 
D  sheets  ^  ^ 

1    ^    Job  Sheet  •#1" Remove,  Service,  and  Replace  Spark  Plugs 

Job  Sheet  #2 -F^emove  and  Replace  Contact  Points  and  Condenser. 


/ 
5. 


7, 
8. 


♦  ^ 


2. 
3^ 

f 

4. 
5. 

E.  Test 


Job  Sheet  #3- Test  the  Coil,  Condenser,  Armature,  and  Flywheel 
'Magnets 

Job  Sheet       -Tes't'and  Adjust"  a  Solid  State  Ignition  System 


Job  Sheet  #5 -Check  Ignition  Timing 


'  F.     Answers  to  fest 

M;    Reference -Roth,  *  Alfred         SniaW  ^Gas   Engines.    South   Holland,  Illinois: 
Goodheart-Willcox  .Co.,  1975.-  % 
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IGNITION  SYSTEM 
UNIT  IX 


INFORMATIOW  SHEET' 
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0 


I     Purpose  of  the  ignition  system- -Produces  high  votege  current  to  ignite  the  fuel-air 
mixture  in  the  engine  cylinder 

II  •  ^Types  of  ignition  systems 

'   A     Battery  ignition  system--Us6s  battery  to  supply  source  of  current  for  the 
primary  ignition  circuit 

Q'^    Magneto  ignition  system-  Produces  current  by  magnetic  induction  for  the 
pcrmary  ignition  circuit  without  any  outside  source  of  electricity 

'  C      Solid  state  ignition  system-Uses  semiconductors  in  plaice  of  one  or  more 

starioard  ignitton  components 

D      BreakeHess  rgnition  system-  Uses  electronic  parts  in  place  of  mecbanrcally 
operated  ignition  points  ^  •  ^ 

III-     Batter/  ignition  systems  circuit  components  (Transparencies  1  and  2) 

A      Primary  circuit  (low  voltage) 

1  Battery 

2  Ignition  switch 

3  , Resistance  unit  (resistor)  •  ;  ^  ' 
4,        Primary  winding 

5  vContact  points  *  # 

'  ■       '  \  ■ 

6  Condenjer         ^  »  » 

7  Low  voltage  wire 

B,     Secondary  circuit  (high  ,  voltage)  ^ 
1*        Secondary  winding 
2        Distnbutcrr  cap  ^  . 

^   3       *  Rolor  ^  '  ^  ^ 
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4  -  ^pfirk  f)iug 

5  Hicjh  voitdge  wire 


IV     Components  of  n  rnagneto  ignition  system  (Transparency  3) 
I 

^  - 


7 


♦A      Prmiary  system  (low  voltage) 

1         Flywheel  with  magnets^^ 

•  •   *        2         Armature    *  ^ 

3        Switc-k  stop         ,  ^ 
> 

s  4        Coil  .  ^ 

5  Contact  points  ,  . . 

6  Condenser.  -  ^     *  * 

B     "Secondary  'systenCI  fhigh  voltage)  '  ' 

U  ^  ,        <,  *         .  \ 

1  Spark  plug 

2  ,       High  voltage  w|re  •  ^ 

V    'Components  of  a  solid  state  ignition  system  (Transparency  4)  ^ 
A     Flywheel  with  magnets  , 

B      Trigger  coil  t        '  »  ^  ^ 

C      Resistor  ,      ^    -     !  ,  - 

;   D     Transistorized  rectifier  (solid  state  switch) 
E    «  Diode  rectifier 

F.  Ignition  coll 

:^    '  '  .  .  ! 

G.  Lpw  voltage  wire*      .  '  .  * 

(NOTE'  The  san^p  secbn^ry- circuit  components"5re  used  on  the  solid  stat^ 
jgnitioh  system  that  are  used  on^the  magneto  ignition  'System  ) 


/ 
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VI.    Components  of  a.  breakerless  ignition  system  (Transpa,rency  5) 


A.  Battery 


V 


B.     Flywheel      '  ,  *  \ 

(J      Trigger  module/ 

*  -    -      1  ■     .  ■  *     ■       •  •  " 

D.  'Ignition  switch    •  /    \  '  *  \ 

E.  Alterhator  stator  "  •  ' 

F.  '  Jgnitioo^coil  assembly     '         ^  %   ^  ^  * 
G  Rectifier^regulator 

» Low  voltage  wire  ^        *      '  •  ^ 

(NOTE    The '^ame  secondaVy  circuit  components  are  u^ed  on  .the  breakerless 
ignition  system  that  are  used  ori  the  magneto  ignition  system.) 

VII  ^  Purpose  of  the  ignition  system  components  ^  ^ 

*  «^ 

A     Battery-  Source  of  electrical  power 

«• 

B      Ignition  switch- Opens  and  closes  the  primary  circuit  ftom  the  battery  or 
coil  to^the  contact  points 

C      Coil  Transforms  low  voltage  into  hhgh  voltage  necessary  to  jump  the  spark 

'  ,     plug  gap  -  •  '  *^ 

D.     Co/ntact  points  -Make  and  break  the  primary  circuit  to -allow  the  coil  to  / 
produce  high  voltage  at  the  spark  plug 

E      Condenser  -Stores  extra  current  as  tKe-contact  points  open  to  prevent  arcing 
and  burninq  * 

.     ~  ^        •  .  <, 

F      Breaker"  cam--Opens  the  contact  points 

G      Diode  rectifier- Changes  alternating '(AC)  current  to  direct  (DC)  current,  * 

»    •    H     Capacitor- Useci   m  solid 'state  ignition  systems  and  operates  like  the 

coQdenser  -                    •     -             .  • 

*  ,  *  '* 

^          '  I     ^Trigger  cail-  Generates  a  small  amount  of  current  that  is  used  to  activate 

*    the  current  from  the  capacitor  '  -   ,                         ^  . 

s  .  *  \  ' 

J  *    ResiStof  -Reduces  voltage  in  the  primary  circuit  to  protect  the  contact  points 
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K.*  Spark  plug-Provides  a  spark  gap  inside  therengine  cylinder  to  ignite  the 
fuel-air  mixture 

•  '  .,  •  •■  >i  '  ' 

L.  ^  Low  voltage  wire-  Carries  low  voltage  from  the  battery  or  armature  to  the 
primary  side  of  the  ignition  coil  '  • 

4NOTE:  This  IS  cK  wire  with  thin  insulation,)  ^  .  ♦      .  ' 

M.   ^^igh^voltage'wire-Carri^s  high  voltage  from  the  seconder]^  side  of  the  coil 
\o  the  spark-  plj^g  ^  •  - 

(NOTE:  This  isf.  a  heavily  insuhated  -Vvice.)    '  * 

Operation  of  the^  ignition  systems  (Transparencies  1,'  2,  4,  6,  7,  and  8) 

A.  battery 

'•1.       Wrth  the  ignition  switch  o^  and  the  contact  pomts  close*d,Jow 
rvbltage  curreijt  flows  from  the  battery-^irough  the  phitiary 
Windings  of  the  coil  and  through  the  contact  points  to  ground 

2.  The  flow  of  low  voltage  current  through  the  primary  windings 
of  the  coil  causes  a  magnetic  field  buildup 

3.  As  the  contact  points  open,  current  attempts  to  Continue*to  flow 
across  tho*^oint  surfaces,  the  condenser  attached  to  the  pomts 
ajpsorbs  this  flow  of  current 

4.  **      Stopping  the  ilow  of  current  causes  the  magnetic  fiehd  of  the 

coW  to  collapse  across  the  secondary  coil  windings,  tausing  a  high 
voltage  surge  *  .  \  ' 

5.  The;«high  voltage » surge  is  directed  from  the  Secondary  wiqdin^s 
.  of  the  coil  through  the  distributor  cap  and  rotor  and  on  to  the 
*     /    sparic,  plug  to  ground     "  >  ^      ^    f  ^  . 

!  »      *  ♦  , ' 

B.  v  Magneto 

1.  With  the  ignition  switch  pn  or  th^  contact  points  closed,  low 
•  .  *         "voltage  current^  is*  induced  ^)y  magnets  '  through.  *the  .primary 

windings  of  tKe  coil  ^*nd  through  the  contact  points  to  ground 

i*  "  "  ^  ^  ^         *       .  * 

2.  The  flow  ♦of  low  voffege  current  through  the  primary  windings 

*  ^.    •  ©f  the  oo[l  causes  a  magnetic  field  »t)uildup 

^    3.       As  the  contaci  points  open,  current  attempts  ;:o 'Continue  toTlow 
acftjps  thdi  point  surfaces;  the  coadensef  attached  to  the  poi/its" 
absorbs  this  flow  of -current  ^       *  ^  • 
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INFORMATION  SHEET 


Stc>f:)ping  the  flow  of  current  causes  the  magnetic  field^of  the* 
cot!  to  ccfilapSe  across  the  secondary  coil  windings,  causing  a  high 
Voltage  Itjrge  .  .      ^  • 

The  high  voltage  surge  is  directed  from  the  secondary  windings 
of'the-coil  through  the  secondary  wire  on  to  the.  spark  plug  to' 
g/ound     -  ,  '         .  , 


Solid  state 
1 


Withj^|he  ignition. switch  on,  low  volt^ge'current -from  the  flywheel 
magnet  tnouces  alternating  ci^rrent  (AC)  in  charge  coil 


2  ^     The  AC  current  passes  through*  a  rectifier  and  changes  to  direct 
'current  (DC),  which  travels  to  the  capacitor  (condenser)  wher^. 


It  IS  stored 


<  s 

The  fSywheei  magnets  Oass  the  trigger  coil  and  induce  a  small 
electrical  charge,  which  turns  on  the  silicon  controlled  rectifier 
(SCR) 

(NOTE  This  Completes  tiie  circuit  /rom  the  charged  side  of  the 
high  tension  coi1  to*  the  negative  si^lfe  of  the  capacitor.)^ 

The  instantaneous  discharge  of  energy  induces  a  very  hagh  density 
rnagnptic  field  around  tKe  primary  winc|mg  of  the  coil,  which  cuts 
the  secondary  vvinding  and  thus  creates  sufficient  energy  to  fire 
the  spark  plug 


V  » 


o  ■ 
ERIC 


,  PftlAAARY  CIRCUIT  \ 


CONTACT  POINTS 


PRIMARY  WINDINQ, 


1  < 


IGNITION 
RESISTANCE  UNIT 
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<D 


LOW  VOLTAGE 
WIRE 


COIL 


•H 
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MAGNETO  IGNITION  SYSTEM 


\ 


SWfTCH  STOP 


'%f%p^  PLUG 
^^^HIGH  VOLTAGE^IRE 


CONTACT  . 
POrNT' 


PLUNGER 


AAAGNtT 


.FLYWHEEL 
(ROTOR) 
WITH  MAGNETS 


FLAT  ON  \ 
CRANKSHAFT 


CONDENSER 


t  ■ 


TM  3 
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SdUD  STAtE  IGiNrfldM  SYSTEM 


MAGNET 
FLYWHEEL 


Alternating 

CiJRRENT         DIRECT  C 
FtOW         ^  PLOW 


ENT 


;:iGNITION  COiL 


,  HtGiH  VOLTAGE 
/    '  '  •  WIRE 


SECCrfjbARY 
WINDING 


TRIGGER  GOIL 


LOW  N/OLTAGE 
WIRE*  ' 


PRIMARY 
WINDING  . 


TRANSISTORIZED  RECTIFIER 
(SOLID  STATE  SWITCH) 
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BREAKERLESS  IGNITION  SYSTEM 


HIGH  TENSION  LtAD 
•  (To  spar\  plug) 


TM  5 


PRM^CIPLES  OF, A  MAGNETO 


I 


SECONDARY 
CIRCUIT 


PRIMARY  COWTACT 
CIRCUIT  POINTS.^ 
CLOSED  . 


ERIC 


ROTATING 
PERMANENT 
^  MAGNET 
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PERMANENT 
MAGNET 


MAGNETIC  LINES 
OF  FORCE  ' 


CONTACT 
POINTS 
CLOSED 


IGNITION 
SWITCH 
OPEN 
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PRINCIPLES  OF  A  MAGNETO 
(Continued) 


t  . 

ERIC 


CONTACT- 
POINTS 
OPEN  ' 


30G 


MAGNETIC  LINfS 
OF  FOftCE  AT* 
GREATEST  STRENGTH 


CONTACT 
POINTS 
OPEN 


'  m 
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CURRENT 
FLOW 


f^^tNClPLES  OF  A  MAGNETO 
"  —  (Continued) 


/ 


\1 


\ 

'  V 


SPARK 
PLUG 
FIRES 


/ 


00 
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CONDENSER  ^ 
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IGNITION  SYSTEM' 
UNIT  IX  • 


JOB  SHEET  ,-1  REVIOVE;  SERVICE,  AND  REPLACE  SPARK  PLUGS- 


Tools  and  mate?ials      ,  .  -  " 

1  - 

A,  Hand  tool  assortment 

B      Wire  feeler  gauge      ,  -        .  , 

Ignition  file  ,  ^  • 

AVire  brush  .   '  *        .    ^  '  ' 

E      Spark  tester     '  '       .  ' 

F      Sdfety  qidsses      '     .  - 

Procedure       '  '  '  ■ 

K     Clean  around  spark  plug  by  blowing  -out  dirt  with  compressed  air 

B.  Disconnect  spark  plug  wire  by  grasping  terminal  and  pulling  upward  (Figure 


METAL  CONN'^CTOR 


FIGURE  1 


Loosen  the  spark  plug  and  remove  (Figure  2) 


in 


■  V 

FIGURE  2' 


•9/1 


V./ 

I 


'     JOB  SHEET  #1 


D.  ^Bec(>nn^  spark  plug  wire 

E.  Ground  ^park  plug  to  engine  (Figure  3) 


v-Nx";    FIGURE  3 


Crank 


engine  one  or  two  turns 

G.  Obseri/e  spark  at  'the  electrode  ' 
■J      ^  ^ 

^    ^     (NO7&  If  there  is  no  spark  or  ihe  spark  is  weak,  proceed  to  riexl  st0.) 

H.  Disconnect  the  spark  plug  wire  from  the  spark  plug 


I.      Ho\i\  end  of  the  spark  plug  wire  approximately  1/4  inch  from  the  cylinder 
Ijeac  or.  use  a  spark  tester  <Figure  4)  "  '  * 


ADJUSTABLE  GAP 
SPARK  TESTE1? 


'  ..FIGURE  4 


J.     Crank  the  engine  one  or  two  turns  ^ 

*  t  * 

K.    Observe  the  spark      •  ^ 

(NOTE  If  sparl<  jumps  gap  on  tester,  the  IgQition  system  is  okay,  the  trouble 
IS  in  th^i^'spark  plug  )*  ^      .  '  " 

L.     Service  the  yjark  plug  .  ^ 

}        Clean  threads^yvith  a  wire  brush  ^ 

/»  *  *  ' 

f  ,  '      (NOTE.  Using  a  spark  plug  cleaning  machine  is  not  recommended 

*  because  thi^will  void  most,-5fnall  engine  warranties.) 
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JOB  SHEET  #1, 


=  1      •  I 


Bend  the  ground,  electrode  slightly  to  open  gap  (Figure  5)* 


■V 


3 

4. 


FIGURES    .  ,        •.  * 

File  the  electrodes  to  flatten  the^  surface  and  square4he  edges 

Gap  plugs  to  manufacturer's  jspecifiC5itions 

'   '  •  -  I 

(NOTE-  Use  a  wire  gauge  and  bend  onfy  the-ground  electrode. 
See  Figure  6,)  , 


GAP 


RIGHT 


FIGURE  6 


WRONG 


InstalJ  spai^  plug  and  tighten 
(NOTE:  Use  caution  when  starting  the  Spark  plug  to  avoid  cross  threatftngj 
TQrque  the  spark  plug  to  manufacturer's  recommendartions 
Replace  the  sp'ark  plug  wire 
Have  instructor  evaluate  work 

Clean  work  area  and  refOTf^  tools  to  ^opef  location  .  * 
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IGMITION  SYSTEM 
UNIT  IX 


B  SHE^T  #2-REM0VE  AND  REPLACE  CONTACT  POINTS  AND  CONDENSER 


W. 


Toolsv  and  materials     .  '  • 

A.  Flywheel  removal  tools 

B.  Ignition  tools  and  wrenches 
C  Feeler  gauge  set  .010  '>025 
D  Scu^wffrfvers 

E.  C^m  lubricant 

F.  Shop  toweis  , 

G.  Electrical  cleaner 

\;      .       ■  ; 

H.  Hand  tool  assortment  3 
I      Safety  glasses'' 

Procedure  ,       .  .  ^ 

A     Find  location  of  points  and  condenser 


B. 
C 


(NOTE:  Qn  most  engines  this  will  be  binder  the  flywheel.  Some  will 
located  externplly'on  the  side  of  the  block) 

Remove  engine  shroud  and  any  parts  neces^ry  tg  get  at  the  flywheel 


Remove  flywheel 


(NOTE  Check 'for  left-hand  threads  ""on  crankshaft;  use  special  flywheel 
removal  tools  as  required   See  Figures  1  and  2.)  ,  ■  ^ 

A 

SOCKET  wrench' 


FLYWHEEL 
HOLDING  TOOL 


FLYWHEEL 


^PURE  1 
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•  JOB  5HEET  #2 


Remove  points  and  condenser  cover*  '      '     •  '  ^ 

(NOTE  Some  covers  have  q  sealer  at  the*  point^where  the  wires  enter.  5ave 
this  for  reuse  )  ■         ^  * 

Determine  location  and  condition'^of  ali  wireSy  screws,  and  breaker  cam 
Disconnect  contact  point  primary 'lead  wi^  and  condenser  wire. 
Remove  screw(s)  holding  contact  points  in  place 
Remove  contact^point  set  - 
Remove  screw  holding  ^condehser  in  place 
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^JOB  SHEET'  #2' 


Remove  Condenser 


(NOTE  Some  engines  use  a  pushrod  to  open  and  close  the  points.  Remove* 
and  re^)iac;e  if  nol^ithin  manufqc-turer's  specificatK^ns  See  Figure  4.) 


^  CONDENSER 


R^^KER  POINTS  Of'EN 


PUSH  ROD 

CRANKSHAFT 


CLOSING  SPRING 


FIGURE  4 


Clean  the  poinl  and  c*ndenser' area  with  an  approved  electrical  cleaner 

(NOTE  "Check  the  oil  seal  located  in  the'pojnt  area  to  be  sure  it  is  not 
4eaking  oil-  on-to  the  points.)  ■  ' 

Lubricate  the  breaker  cam  with  a  light  coating  .of^  cam  lubricant 

Replace  the  pQints  and  condenser  leaving  the  mounting  screws  loose  until 
points  are  adjusted  '     "  , 


^ephsce  the  primary  lead^^d*  condenser  wires 


(NOrlSlis^sition^he  vyires  in  such  a  manner  to  avoid  binding  or  groundir^. 
Some  models  may  require  a  spring  compr^s^  tfiat  cxjmes'with  the  point 
set  ) 


Tighten  primaryjeid  and 'condenser  vt'ires  securely 


JOB  SHEET  #2 


P.     Check  point  alignment  and  adjust  as  needed  (Figure  5) 

BREAKER  POINTS  SHOULD  FIT  TOGETHER  SQUARELY 
■  TO  KEEP  DOWN  WEAR  ,  ' 


FIGURE  5 


PARTlAb  CONTACT  CAUSES 
ARCING  AND  UNEVEN  WEAR  -    .  '    '  . 

Q.    Adjust  the  contact  point  opening  -.^   ^  ' 

(NOTE  Turn  the  crankMo  position  the  rubbing  block  of  the  contact  points 
'  on  the  peak  of  thg  cam  lobe.  See  Figure  6.) 


.RUBBING  BLOCK 


CAM  LOBE 


CRA|iKSHAFT 
PIVOT  POST 
BR^AKErt"  POINT  SPRING 


BREAKER  POINTS  OPEN 

FIGyRE"6 


SE  -.81  C 


jae  SHEET  #2 ■ 


R.     Adjust  contact  points  tQ  nianufacturer's  reco/prfriendations  (Figure  7) 

SCREWDRIVER  HERE  TO  MOVE 
CONDENSER  BACKWARD  , 

keVway  in  crankshaft.      r  a  ^ 

SCREWDRIVER  HERE  TO'  - 
MOV€  CbNDENSER  FORWARD 

CONDENSER  '     ,  '  . 

^CONDENSER  . 
CLAMP  SCREW    .  ^  " 


CONTACT  POINT  BRACKET 


CONTACT  BRACKET  ASSEMBLY 


FIGURE  7 


CONTACT  BRACI^ET'^ 
ADJUSTING  LOCK  SCREW 


.FEELER 
GAUGE 


S.     Tighten  all  obntactand  point  screws  securely,  recheck  contact  poi-fvt  ogening^  ^ 


J      Install  du^f  cover;  be  sure'  gasket,  or  sealing  compound.  i5  ^n  place 


"  COIL 

NORMAL 
POSITION 
OF 

,  MAGNETS 
FLYWHEEL 
CRANKSHAFT 


JOB  SHEET  #2 

U.  Replace  flywheel  using  correct  flywheel  key  (Figure  8) 
^HOULD.FIRE  .      ^      '  . 

WHEN  MAGNET  ,  CENTER  OF  MAGNET  LATE 
IS  HERB 


X  _  FIRES  WHEN 
.  MAGNET  IS  HERE 


.  ACTUAL 
PQSITION 
OF,A^AGNETS 


MAC^NET  SHOJJLD 

BE  HErI  ' 
WHEN  POINTS  OPEN 


FIGURE  8 

V     Have  instructor  evaluate  work 


PARTIALLY  SHEARED  KEY 


W.    Clean  up  work  area  and  return  toots  to  proper  location 


r 


318 


SE    83  C 


IGNITION  SYSTEM 

UNIT  IX  ^  "        ,  ' 

JOB  SHEET  #3  TEST  THE  COIL,  CONDENSER,  ARMATURE, 
AND  FLYWHEEL  MAGNETS 


I     Tools  and  materials 

A  Hand  tool  assortment 

B.  Ignition  analyzer 

C  Small  thin 'cardboard  (post  card) 

D  Electrical  system  cleaner 

E  Shop  .towels 

F.  Safety  glasses       ,  - 


IL    PrQcedune  „ 

A      Remove  ail  parts  necessary  ^to  get  at  coil  and  arrf)ature 

^      B      Determine  correct  location  of  coil  and  armature  ^ 

(NOTE  If  there  are  not^cattng 'marks  (arnDws,  dots,  "etc.)  to  accirrately 
locate  coi!  or  armature,  mark*'.tt  and  the  engine  block  before  removing. 
Use  a  small  center  punch  or  chisel  to  mark  with  ) 

C   .  Remove  coil  and  armature 

'  (NOTE  '  tt  IS  possible  to  test  the  coil  and  armature  without  removing  it 

.    from  "the  engine  ) 


r 
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JOB  SHEET  -3 
% 

'  \ 

D' "  Te^t  coii  dnci' jrniauirt^ 

'1         Te^t  ^primary  reSfS^ufice 


,d       FoMowinq  instructtonb^  tor^  tesKT,  confifX*t  Ujads  (Figure  1) 


FIGURE  1 


^        ''\iOTL     Re/flifMj  "r^uist    r^e   of   vdK)^.    shown'  on  engine 
B       FoMQ:'  fvi  in^triirtirjns  ^or  tester  ^  Connect  ieads  fFiqure  2) 


FIGURE  2 


ERIC 


V 


JOB  SHEET  #3. 


b      Read  ohmrrieter 

(NOTE  Shorted  .windings  ar^*  inflicated  by  a  low-er  than 
specified  value.  A  broken  winding  is  indicated  by  readings 
higher  than  the  specified  value.)        •        ^  - 

Test  coil  ground  '  ^  !  . 

a.     Fpjiowing  instructions  for  tester,  con^Yiiect  leads  (FiguPe  3) 


CONDENSfR 


rCONDENSER 


FIGURE  3 


Read  ohmmeter 


(InJOTE  Coils  not  permanently  grounded  should  not  indicate 
any' pointer  movement  when  tested.  Coils  permanently 
grounded  must  show  a 'full  deflection  of  the  meter  needle 
to  the  right  of  the  scale  ) 

Test  , power  *  L 

*  •  •  ^ 

a.     Following  instructions  for  tester,  pro^)erIy  connect  test  leads 


4  ^ 
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JOB  SHB^T  ff3  '       .  • 

i)      Advance  curr'ent  control   knob  until  specified  ope/atti^g 
dmporac^'  is  reached  on  scale  * 

^  (NOTE    If  there  is  no  spark  or  it  is  faint  or  intermittent, 

•  tli^  coil  IS  bad  )  \        '  ^ 

5      "  If  ttie  coil  fails  any* of  the  tests,  replace  it  with  a  new  coil 

Replace  ail  defective  parts 

Test  flyvvtieel  magnets 

(NOTE  Hold  a  screwdriver  one  inch  from  the  magnet.  It  should  be  strongly 
attracted  to  the  magnet  Most  .magnets  are  damaged  by  dropping-  the 
flywheel    or  storing  flywheels  nested  in  on'e  another  ) 

Replace  bad  magnets 

r 

(NOTE    Usuaily,  the  wiiole  flywheel  must  be  replaced  ) 


H      Install  coil  and  armature  in  correct  position 


(NOTE  Do  npt  overtighten  mounting  screws  because  these  tbreads  are  easy 
to  strip  )  •  . 

I  *     Follow  manufacturer's  specifications  for  clearances,  adfustments,  and'torqae 
setting  (Figure  5) 


FIGURE  5 


MAGNETIC  CPH. 
ARMATURE 


POSTAL  CARD  OR  WONMETALIC  GAUGE 


J       Install  dl|  other  p'arts  on  enqihc 

0  ' 

K  Start  engine  and  adjust  to  recormnended  specificatiqns  , 
L     .Have  instri/ctor  evaluate  work 

%- 

M     Cle<3n  uf)  work  ar^^^j  and  return  tools  to  proper  location 
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IG.NITION  SYSTEM 
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JOB  SHEET  ij4  TEST  AND^ADJUST  A  SOLiC  STATE  IGNITION  SYSYeM 

'•   I.  •  ■  ' 


Tools  and  materials  ' 

A      Hand  tool  assortment 


B     Set  flat  feeler  gauge  .005  -  .010  . 
C.  Ohmmeter 
D  '    Safety  glasses 
,  Procedure 

\ 

/X      Renjove  .shroud  covering  flywheel 


B      Check  atr  gap  at  trigger  assembly  and  projection  on  the  flyw^eei;  set  about 
010        005)^  (Figyre  1)^  ^*  -  - 

(NOTE    "OTO  will  give  the  fastest  starting.  Be  sure  flat  surfaces  oh  trigger 

and  projection  are  parallel  to  each  other.) 


CHECKING  AIR  GAP 


FIGURE  1 


,005"  TO  .010"  CARD 


SOLID  STATE 
IGNITION  UNIT 


C      ^iiflhten  cap  screws  after  gap  is  readjusted 
D      Remove  high  tension  Jead  from  terminal  on  coil 


ERIC 
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JOB  SHEET  #4 


Insert  one.ohmmeter  lead  m  coit  terminal  and  the  other  to  the  coil  mounting 
bracket  (Fujure  2)      -  .      ;  . 

4 

(NOTE^  Consult  appropriate  service  manual  for  exact  resistance.) 


FIGURE  2 


TESTING  THE  COIL 


Connect  one  tester  lead  to  the  coil  mounting  bracket  and  the  other  to 

the  ignition  switch  wire 

(NOTE    Continuity  should^not  be  indicated  he^e.) 

Replace  ignition  coil  assembly  if  wrong  or  widely  varying  results  af€ 
obtamed  from  either  of  these  t^sts  . 

Test  the  ''tr.igqer  module  > 

1  Connect  one  tester  lead  tQ  the  AC  inletMead  on  trigger  moclule 
^  and  other  to  lead,  on  trigger  side  of  ignition  switch 


i^OTE;  Thts  shouicJ  stiow  continuity '  in  one  direction  but  no^ 
t>i^'  other,  r^^vprse  Iccids  to  check  this.) 
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^  JOB  SHE5T;#4 

» 

Connect  one  tester#lead  to  the  trigger  rhodule  mounting  bracket 
and  the  other  to  the  AC  inlet  lead -to  the  module 

(NOTE   Continuity  should  be  indicated  in  one  direction  but  not 
the  opposite,  reverse  leads  to  check  this.)  ^ 

3r       Disconnect  leads  ^nd  remove  trigger  from  the  engine 

4.       Test*  with  a  flashlight  type  tester 

'  ^a.     .Connect  one  lead  to  the  I  terminal  and  the  other  to  the 
jf^gger  mounting  bracket 

b.     Lightly  tap  magnet  with  a  metal  object 

'  (NOTE:  Light  should  come  on  and  stay  oci  until  magnet 

IS  tapped  again;  this  indicates  that  the  SCR  is  operating 
*  ^  properly.) 

5  Reinstall  trigger 

6  Reset  the  air  gap'  ' 

(NOTE   Replace  the  trigger  module  if  wrong  results  are  obtained  v 
^  from  any  of  these  tests.) 

If  ignition  trouble  persists  after  the  system  checks  out  in  each  of  the 
preceding  tests,  the  AC  leads  or  ignition  windings  are  probably  faulty; 
replace  stator  assembly  in  this  event 


Have  instructor  evaluate  work 

Cledr  up  work  area  and  returh  toq^ls  to,  proper  location 
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IGNITION.  SYSTEM' 
UNIT  IX 


JOB  SHEET  #5-eHECK  IGNITION  TIMING 


B 
C. 
D 
E 


Hand  tool/  assortment 


I.    Tools  and  materials 
A. 

Timing  IF'ght 
Timing  tool 
Continuity-  tester  * 

Safety  glasses^  ^ 
II  Procedure 

A     Check  ignition  timing,  while  engine  is  static 

1         Remove  engine  shroud  and  exterior  part$ 
Remove  flywheel 


2 
3 


Adjust  piston  height  at  TDC  using  ^  the  manufacturer's 
specifications  '  ' 

(NOTE,  If  correct  timing  tool  is  not  available,  a  straight  edge 
/and  depth  micrometer  can.  be  used.  See  Figures  1,  2,  3,  4,  5, 


and  6. 
FIGURE  1 


FIGUR&2 


FIGURE  3 


scRew  1 


THUHSscnew 

LOOSE 
TOC  \ 

FOUND.  THEN 


TIGHT  E  N 
THUMBSCREW 
TO  HOLD 
PL  UNG  E  R 


NORMAL    ROTATION  (AWROW  ONC*M) 


INSTALL  TIMI^JG  TOOL 
OR  RULE  ^ 

RGURE  4 


FIND  TDC 
(Top  Dead  Center) 

FIGURE  5 


FIND  BTDC  TIMING 
DIMENSION  (Specs  ) 

FIGURE  6  w 


Thumbscrew  E 

REMAINS  TtGMT.— *  X  ^ 

hol  ding  plunger  * 

AT  TDC 
POSITION 


OPPOSITE  NORMAL  DOTATION  [AGAtNST 
CAM  AR*K)*)A80UT    MAifWAY  DOwN 


EACH  MAMK  IS   \/M  INCH-  *SO_UT  050 
EXAMPLE    ir  DIMENSION  CALUED  OuT^ 
>S  Xlifl  .  SLiGHTLr'LESS  THAN    TWO  / 
0«0    MARKS  LENGTH  IS  REOUfREO  / 
TIGHTE.N  SCREW  WHEN  8TDC    IS  / 

THAT  T>if^*^' 
D<MENStON  IS  APPLIED 
CAREfULLT-CORRECTLY 

W  (5  J 


BE  SURE  SCREW  IS 
TIGHTENED  SO 
THAT  PISTON  WONT 
DISTURB  BTDC 
POSITION 


NORMAL  ROTATION 
{ARR9W     ON     C  AM  ) 


BACK  OFF  ROTATION 
t       (Opposite  Normal, 
Runrung  Rotation) 


APPLY  DIMENSION 
TO  TOOL 


BRING  UP  ON  STROKE 
(Normal  Running  Rotation) 


lr^ng 
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JOB  SHEET  #5 


V 


Loosen  the  two  stator  adjustment  bolts  so  the  stator  can  be  turned 
or  rotated  ,  ^ 

Disconnect  the  coil^ead  to  the  points  and  connect  one  end  of 
^e  continuity  tester  to  the  breaker  point-  terrrjinal  (figure  7) 


FIGURE  7 
INSTALL  TIDING  LIG>IT 


6.  • ,  Touch^he  other  end  of  continuity  tester  to  stationary  brewer 
point 

.7.        Rotate  stator  plate  until  test  light  goes  out  (Figure*  8> 


FIGURE-  8 


ROTATE  STATOR  UNTIL 
POINTS  JUST  OP€N 


•8        Carefully  tighten  stator  adjustment  bolts  _ 
9-       Replace  air  coil '^ires,  covers^  and  flywheel  shrouds^ 
•  Check  ignition  timing -while  engine  is  running 

1.  Connect  timirtg  light  to^^high-tension  lead  i^etween  rjjagneto  and 
spark  plug  ^       •  ^ 

2.  Start  engine  and  set  engine  RPM  at  manufacturer's  specifications 
'(NOTE   This  IS  usually  between  1200-1800  RPM) 


sB-  93-c 


JOB  SHEET  #5 


3        Point  flashing  light  at  timmg  refm-ence.  marks  (Figure  9)'' 


4. 
5 


FIGURE  9 


Chedk  timing  marks  or^  case  and  flywheel  for  alignment 

If  timing  marks  need  alignment,  shift  breaker  point  plate'by 
loosening  adjusting  screw  and  shifting  plate  until  marks  are  in 
.alignment  ^  '         '  # 


6.  Tighten  all  loose  connectiocis^ 
Have  instructor  inspect  work  , 


D     Clean  up  work  area  and  return  tqols  to  proper  locatil^ 
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-f^lTION  SYSTEM  ■    f  ' 
'    .         \JNIT  IX        '       \'  , 

NAME         '     _    .  •  

TEST  ■•  "  ' 

State  the  purpose  pf  the  igrtition  system.     »  A 

<►  •  . 

Match  the  types^oiPJgaition' systems  on  the  right  to  the  ^correct  descriptions. 

^    a.  ProduH|  current  by  magnetic  induction        1.       Battery  ignition 
for  tb"prfmary  ignition  circuit  without"  systecn     .  * 

any  outside  source  ,of  electricity  '  * 


.    ,,  '      ^    ^    '     \        r  •       2.       Mcigneto  ignition 

_b.  Uses  semicondUctJjrs  in  place  of  one  or     #  ,  svstem 

more  standard  kwtion  -components  .  .    '  * 


 ^c.  'Uses    electronic    p^rts    ini  pface    of      -3.>^^ ^Breakerless 

.mechanically  opera?pd  ignition  pqjjjg  '  *  ignition  system^ 

 d.  Uses  battery  to  suppfy  source  of  current       4.-      Solid  state 

for  the  primary  ignition  circuit*  ignition  system 

Distinguish  between  the-  components  .of,  the  primary  and  secondary  battery 
ignition  oircg^its  by  PJacin^  a  '"P"  in  front  of  the  components  in*the  primary 
ignition  circDit  and.  an  "S'  in  front  of  t]ibsejn*the  secortlOary- igriition.circuit. 

  a.  Resistance  unit  ('resist6r*)       *        '       '   ^  \ 

'      ■ ,   :  -•■ 

b.  *  Co^l^denser      .  '       ,  «         •  n 


c.  DTstributor  cap 
^  d .  Ijqition  'switch, 
J.  Reror  ^ 


_f.  Secondary  winding 


/  ♦  g.  High  voltage  wir^^ 
 h.  Ltiw  voltage^  wire 


J.  -Cai^a^t  points 
J.  'Batte\  ^  ^ 


 k.  Primary 'iA/indiog  *  , 

^  ^1.    Spark  plug      )         «  , 

'  .  329        %  •      ,     «  t  ■ 
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|tch  the  components  of  the  ignition  system  9n  the  right  to  the  correct  purposes. 


a.  Source  9f  electrical  power 

o 

b  Opens  and  closes  the  primary  circuit 
•from  'the  battery  or  cojl  to  the  contact 
point? 

c  Transforms  low  voltage  into  high  voltage 
necessary  to  jump  the  spark  plug  gap 

Make  and  breaT<  the  primary  circuit^to 
i;  allow  the  coil  to  produce  high -voltage 
'at  the  spark  .plug 

_e  Stores  extra  current  as  the  coatact 
points  -open  to  prevent  arcing  •  and 
burning  . 

_f.   Opens  the  contact  points 
r 

__g.  Changes  alternating  (AC)  cifrrent"  to 
direct  (DC)  current 

_iT  Used  in  solid  state  ignition  systems  and 
operates  like  the  condenser 

1^  Generates  a  Small  amount  of  current  that 
!S  used  to  activate  the  current*  from  the 
capacitor 

J  Reduces  voltage  m  the  primary  circuit 
to  protpct  the  contact  points 

_k  Provides^  a  spark  gap  inside  the  engine 
cylinder  to  ignite  the  fuel-air  mixture 

4. 

J.  'Carries  loW  voltage  from  the  battery  or 
"^armature*  to  the  primary  side  of  the 
ignitiQn  coil  ^ 


1. 


Trigger  coil 


2. 

Spark  ptug 

3. 

Coil 

4, 

Resistor 

5.  . 

High  voltage 

wire 

€. 

Breaker  cam 

7. 

I' 

^  Battery  | 

8. 

Diode 

10. 


11 

12. 
■13. 


"rectifier 

CjOntact 
points 

Low  voltage 
vvire 

fgnition 
switch 

Capacitor 

'Condenser 


m  Carries  high  voltage 'from  the  secondary 
side  of  the  coH  to  the  spark  plug  - 


) 
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Associate  th€  operational  steps  with  the  ignition,  systems  by' placing  an  "X* 
in  the'^appropriate  bJank(s).  /  '  .      /v*!^    ,  ^. 

Battery    Magneto  Solid  State 


-a.  -     ^       -  '    * ,  .With  the^ignition  switch  on  and  th^^ jpntact 

^points  closed,  Jow  Voltage  current  flows 
-    frpnn'  the  H)attery,  through  the  primary 
windings  of  the  coil   and  through  the 
contact  points  to  ground 


b.   ^  ,  ^    -      With  the  ignition  switch  on  or  the  contact 

points    closed,    iow   voltage   current  is 
'induced  by  magnets  through  the  primary 
windings  of  the  coil   and  through  the 
#        '  ^      contact  points  to  grpund 

c.     With  the  ignition  switch  on,  lo^v  voltage 

^  current,  fronn  the  flywheel  magnet  induces 

alternating  current  (AC)  m  charge  cpil  ^ 

d.  J   '   The  flow  of  low  voltage  current  through 

the  prtmary'vvindings  of  the  coil  causes  a 
■*     '  .    magnetic  field  bu.ildu'p   -     ^  ^ 

e.    ____    'The  AC  current  passes  through  a  rectriier 

#  *     and  changes  to  direct  cJi5«>AiJJ?C|,>which, 

travels  to  the  capacitor  ^{condenser)  where 
^  *,  \X  is  stored 

"A 

f.  ^  As  ^  the    contact    points    open,  current 

attempts  to  continue  to  flow  across  the 
poinf  surfaces,  the  condenser  attached  to, 
the  points  af)Sorbs  this  flow  of  current 


'g.     ■     The, flywheel  magnets  pass  the  trigger  coil 

and  induce  a  small  electricaf  charge,  which 
turns  on  X\^e  silicof*  controlled  rectifier 
(SCR)  ^  • 

'  /       '  ■ 

h.     Stopping  the  flow  pf  current  causes  the 

•       magnetic  freld  of  the  coil  to  collapse  across 
the  secondary  coil  windings,  causing  a  high 
^   ^    *  >  voltage  surge  ' 

i.  '  ,    The  high  foliage  surge  is  directed  frdm  lii-^- 

^    .  secondary  windings  of  the  coil  through  tho 

distributor  cap  and  rotor  and  on  to  the. 
spark  plug  to  ground 


Battery    Magneto  ^oiid ' State 


i-       The  high  voltage  surge  is  directed  from  the 

secondary  windings'  of  the  coil  through  "the 
»  secondary  wire  on  to  the  spark  plug  to. 

'       '  ground 

,        u  /he   instantaneous  discharge  of  energy 

induces  a  very  high  cfeosky-magnetic  field 
around  the  primarV  winding  of  the  coil, 
which  cuts  the  seconetary  windkig  and  thus 
creates  sufficient  energy  to  fire  the  spark 
plug  •  •  ^ 

'Demonstrate  tl>e  ability  to: 

'  ■       m  . 

a\     Remove/  servide,  and  replace  ^park  plugs.  , 
b.     Remove  arid  replace  contact'  points  and  condenser. 
c>  "Test  the  coil,  condenser,  armature,  and  flywheel  magnets, 
d     Test  and  adjust  a  solid  state  ignition  ^ystem. 
^ — f  Check  ignition  timing. 

(NOTE.  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instructor  when  they  should  be  completed.) 


j9 
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IGNITION  SYSTEM'  . 
.  UNIT  IX 

9  —  « 

t  ANSWERS  TO  TEST 

Produces  high  voltage  current  to  ignite  the  fuel-air  mixture  in  the  engine  cylinder 


2. 

a. 

2 

• 

b'. 

4 

c. 

3 

d. 

1             '       '  • 

3. 

a. 

p     .      ^    r     ■        9-  s 

b. 

P           '                                   '        h,  P' 

c. 

S           '                                          i.  '  P 

d. 

D                                                           ^                *     1  P 

e. 

S     '  ^"^^ 

T . 

'                                     1  S 

.  4. 

a. 

Flywheel  witht  magnets 

• 

b. 

Armature 

c. 

oWllCll    5LUp                                                               "  , 

d. 

LOl!  ^ 

e^ 

Contact  points 

.  f. 

Condenser 

g- 

Spark  plug 

h. 

High  voltage  wire 

5. 
\  ■ 

a. 
b. 

Flywheel  with  magnets 
trigger  coil 

I 

c. 

Resistor  ^ 

d. 

Transistorized'  rectifier  (solid  state  syvitch) 

e. 

Diode-  rectifier 

ERIC 
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7. 


8, 


9. 


j.  4 

k.  2 

1.  10 

m.  5 


f.  .JgnitlorHjeeiLirL    ^  < 

•g.  Low.  voltage^  wire 

a.  Battery 

b.  Flywheel 

c.  Trigger  module 

d.  Ignition  "switch 

e.  Altemator-stator  , 

f.  Ignition  coil  assembly 

g.  Rectifier-regulator 
h  Low  voltage'  wire 

a.  7  f.  6 

b  11  g.  8 

» 

•  c.  3  h.  12 

d  9  I..  1 

e  13 

a  Battery 

b  Mergneto 

c  ■  Solid  -State 

Cl  Battery,  Magneto 

e  Solid  State 

'Battery,  Magneto 

g  Solid  State 

h  Battery,  Magneto 

1.  Battery 

j.  Magneto  ^ 

k  Solid  &tate 


Performance  skills  evaluaiid  to  the, satisfaction  of  ttiB  instructor 
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CI:IARGING  SYSTEM 
UN  J  III 

UNIT  OBJECTIVE 


1' 


After  completion  of  this  unit,  tire  student  should  be  able  to  remove  and  replace, 
disassemble,  check,  and  reassemble  a  generator  and  an  alternator.  This  knowledge  will 
be  evidenced  through  demostration  antj  by  scoring  eighty-five  percent  on  the  unit  test. 


1 


SPECIFIC  Objectives 


V 


After  connpletion  of  this  unit,  the  student  should  be  able  to^  * 

1.  Match  terms  associated  with  the  charging  system  to  the  correct  definiti^hs. 

2.  List  two  kinds  of  charging-systems. 

3  Match  charging  system  components  to  the  correct  functions  j 

4  Identify  the  parts  of  a  generator 
^        Match  operating  stages  of  the  charging  system  to  the  correct^functions. 

fi      ,6        Discuss  the  current  flow  in  a  basic  generator 
7        Discuss  hrow  a  generator  converts  Af  to  DC. 
8-       Match  the  external  generator  regulators  to  the  correct  functions. 
9        Match  the  types  of  generators  to  the  correctives. 
10        Id^tify  the  parts  of  the  alternator  system. 
.11     "    tlist  ^wo  advantages  of  an  alternator  over  a  generator. 

12  Discuss  reverse  polarity. 

13  Demonstrate  the  ability  to. 

ft 

^  a  4     Remove  and  replace  a  generator. 

b      Disassemble,  check,  and  reassemble  a  generator. . 

S^^"^  *    c   -  Remove  and_replace  an  alternator. 

"  -  •■ 

/  d      Disassemble,  check,  and  reassemble  an  alternator.  ^ 


I 
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.    /  .         ■  .  '  -  CHARGING  SYSTEM  ■  ' 

-  •       •  UNIT  Ml 

SUGGESTED  .ACTIVITIES 

(  •  * 

I.  Instructor: 

A.  Provide*  student  w'rth  objective  sheet. 

B.  Provide  student  with  taformatiefn  and  jQb  sheets.  ^ 

C.  Make  "transparencies. 

D.  Discuss  unit  and  specific  objectives.  ^ 

•  E.*  Discuss  inforynation  sheet.  •  4 

F.  Demonstrate  and  discuss  the  procedures  outlined  in  the  job  sheets. 

♦  - 

,       ^G.  Provide  examples  of  alternators  and  generators.  • 

H.  Give  test. 
.  .  IL  Student 

A.  Read  obyective  sheet*. 

'•         '  -  \ 

B.  Study  information  sheet.  ' 
*  .    C.  Complete  j"ob  shee^.- 

D.  Take  test. 


INS|"RUCTIONAL  MATERIALS 

Included  in  thiS  unit: 

A.  Objective  ^eet 

B.  Informatiop,  sheej  ^ 

C.  .    Transparency  masters 
1.       /fM^  1 -  Charging  System  Components 


2.  xM  2-'Parts  of  thfe  Generator  / 

3.  TM  3-Current  Flovy  in  Basic  Generator 
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4.       TM  VAC  Converts  to  DC  ^ 

h.'      TM  5--External  Generator  Regulator 

6.  ^     TM  6-Types  of  Generators 

7.  TM  7"Parts  of  the  Alternator  Charging  System 

D.    Job  sheets  •  •  ♦ 

~  >  ^.       Job  Sheet  #1- Remove  and  Replace  a  Generator 
•    2.       Job  Sheet  #2-Disassemble,  Check,  and  Reassemble  a  Generator 

3.  Job  Sheet  #3-Remove  and  Replace  an  Alternator 

4.  Job  Sheet  #4 -Disassemble,  Check,  and  Reassemble  an  Alternator 
E  Test 

F.    Answers  to  test 
References. 

T 

A.    Small  Engines,  Volume  1  and  2.  Athens,  Georgia:  American  Association 
for  Vocational  Instructional  Materials,  1974, 


B     Armstrong,    Ivan    Auto  Mechanics,    Volume   /.'Stillwater,  Oklahoma 
Oklahoma  State  Department  of  Vocational  and  Technical  Education,  1976. 
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'  CHARGING  SYSTEM 


'  UNIT 


ERIC 


INFORMATIOKl  "SVlEET'  . 


I     Terms  and  definitions       .  ■•  ■ 

A     Charging  system -Recharges  the  battery  and  maintains  a  supply  of  electrical 
current  to  meet  the  operating  needs  of  the  engine  and  auxiliary^'circuits 

'    B      Amp -Unit  of  ^measurement  for  electrical  current' 

C     V'olt--Ur\it  of  electrical  pressure  or  force  that  will  move  a  current  of  one  ^ 
ampere  through  a  resistance  of  one  ohm 

.  '* 

D     Ohm -Standard  unit  for  measuring'  resistance  to  flow  of  electrical  current 

E.  -  Diode  (rectifier)--Device  that  wiJJ  alfow  current  through  itself  in  one 
direction  and  will  block  current  in  Jhe  opposite  direction 

'   F,     Short  circiUPVire  touching  another  wire  and  providing  a  shorter  path  for 

current  to  flow 

m 

Open  circuit-  Circuit  in  which  a  wire  is  broken  or  disconnected' 

H     Groundeql^ctrcuit  -Circvjit  in  which  a  wife  touches  groiind  causing  th'e  current 
to  flow  to  ground  instead  of  through  the  circuit 


Armatiir?^!?Fr»a£^  Qf  vA/irp  conductots  •  in  the  form  of  a  loop  rotating  in  a 
stationary  magnetic  field 


J      Commutator-Bars  or^  end  of  armature  drive  shaft  and  connected  to  the 
ends  of  each  wire  conductor  wound  on  njnature  - 

K.     Pole  shoes -Permanent  magnets  that  are  f kxed  to  the  inside  of  the  generator 
housing  ancl  set  opposite  each  other  to  create  a  weak  magnetic  field 

L      Field  circuit- One  wire  conductor  woun,d  -around  both  poles  many  times 
and  attached  to  the  irush  *  *      *  , 

M  ^  Regulator-  Assembly  which  houses  the  cut-out Yelay,  voltage  ce'guiator,  and 
current  regulator 

N     Arcing-Current  attempting  to  cross  between  the  commutator  sections  artd 
the  b^ush  .  -  *  , 
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INPORMATION  SHEET*  ''I'  ' 

0.  -^Polanty-Direction  oi  larrent  jflow  through  the  generatof 

(NC5\E:  GeneratoT'Circuits  need  to  be  polarized  after  serviding.) 

P.     "a"  circuit-  Regulator  circuit" with  supply  voltage  to  the  generator  field, 
then 'trough  the  i^gul^itor  to  g^^jjjd  •  '  ^ 


Circuit-Regulator  is  between  the^ttery  and  generator  field  windings 

II.    Kind^of  charging  .systems 

(NOTE  Both  cii%:uits  generate-  an  alternatin^'current,  Uut  differ  in  how  they 
ra:tify  the  alternating  current  to  direct  current  ) 

A.  Direct  current  •  ^ 

(NOTE  Direct  current  charging  systems^are  associated  with  generator  type 
systems  )  '       *        ^  < 

B.  Alternating  current  "     *  . 

(NOT^'^'^Ite^rnating  current  charging  systems  are  associated  with'alternatdr 
type^Sy  stems.)      ^       '  •  ^ 

II.    Charging  s\^stem  *components  and  functions  (Transparency  1) 


/t^  Battery 


Sta^s  the  circuit  by  supplying  spark  .to,  start  engine 


.2.       Helps  out  during  peak  operation  when  electflcal  loads  are  too 
much  for  generator  or  alternator  ^ 

Generator  or  alternator  <      •  * 

1.  'Supplies  electrical  power  to  accessory  "^circuitS 

2.  Recharges  battery  '  *  «  * 

'•  .  ^      ^  ■  r  , 

'  Regulator   •  * 


^Opens  and' closes  the  charging  circuit  (cut-out  relay),  ^ 


2        Prevents  overcharging  of  .battery-  (voltage  *Vegulator) 

^-   .  •  ' '    '  -' 

3.       Limits  the  genefator's  output  to  safe  rates  (current  regulator)  •  '  /, 

^  •  -  t 

4l|p^eter -Measures  th§  rate  pf  current  flow  '^j^  ^ 


ifjRORIvrATIQN  SHEET 


Paru  of  a  ^eiieratot-  (Transparency  2) 
;  fK\  Brifsh  holder 
^     B./  ETrushes   *  / 


*  Q.     Brush  poyer  strap 
0.    CqmmutatO|^  end  cover^ 

tmg";^late 


jsh  h'dlder  in 


F;^  Cpmmutator 


QOj^ing-^lc 


'  H.  Armature 
r^""  Pole  Shoes     ,  ' 
"J.     Field  coils 
K.   Thru  bblt^  •  •  • 
Drtye  end  plate 
M.  >  Drive  gear  •     >  ^ 


(NOTE:  The  drive  ma^ -be  a  bfelt  and  pu I ly  instead  of  a  ge^r!) 
N.  ''Bearings  ,       \    ^  .  ^ 

*•  .       •    '        .  •  i 

(NOTE.  These  may  b'e  anti-friction  o\  plain  bearings.) 

v.  ^^peratin'g*  stages  of  charging  system  . 

fK.    Starting-Batte^  sxipp'kies  all  load  turrent 

B.  _Peak'  oper.ation--Battery  helps  generator 'supply  current 
*  *  *  '  ^ 

.  tfC.     Nocmal  operation-Generator  supplies  all  current  and  rech^irges  battery 

^1.    Current  fftjW  in  basip  geneVatoi^  (Transparency  3) 

.  -4^0TE:  Armature  rotates  through  the  magnetic  field-  of  the  pole^  generating 
■  volf»ge.) 


A?    Voltage from  armature  ^oop  /o  the  commutator  ri^rtg 


( NOTE  :*T^e  left  end  of  the  armature  loop  is  positive  white  tbe  righ 


'  i^j^gattVe.) 


/ 
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B.  Voltage  flows,  froiji  the  commutator  ring  through'  brushes  to      wire  m 
connected  to  a  load  y            ^  .            .           •«  .  * 

,                ♦       ♦  » 

C.  Current  flows  when  circuit  is  c6mplete  ,  '  , 


I.    How  a  genealgr  cony^rts  AC  to  DC  (Transparency  4)  ^ 


gene^pr 

A.  ^Cgmm^^ator  is  split  ih  two  parts  creating  a  getp  as  the  comnfutator  passes 

the  brushes  a,  ^    n        *  ' 

(NOTE.  This  js  called" the  stafic  neutral  point  where  rvo' voltage  is-created.) 
^/  .        ^  •  * 

B.  i^  Past  this  poTnt  the  other  half  o/  thfe ^commutator  contacts  the  brushes 

reversing  the  current  flow 

C.  At  t[?e  same  time  the'fotating  aVmlUfre  rever^ses  its  polarity  converting  A€- 

to  DC       •     '  .       '    .     * :    ' .  ,  •      '  , 

II.    Functions  of  'the  external  generator  regulators  transparency  - 


A.    (Sm-out  relay-^Autbmatic  swltcTi  which  closes  wheagen^t4i-fS  runnm^  and 
opens  whert  generator  st^pS  to  prevent  battery  discharge - 

•  B.  Voltag?yPegulator--Controly  \he  ambunt  of  vdlta^e^the  regulator  Wc^uc^ 
*  through  4a  shunt  coil  and  cbntac|  points  ,contr6llir>g  the^  strengtl\j)^the* 
^  magnetic  field;,  prevents  overheating      ^        -  ^  ' 

Current  regulator- -Controls  the  current  flow  simila*.to'the  voltagfe  reg^ator 

(NOTE:  Both  the  voltage,  reju  and  the  currem  regulator  are  used' but 
while  one  is  working,  the  other  ie  not.)       ^  , 


X.    jypes  anb  uses  of  generators  (Transparency  6)  ^    ' ,  y 

A.    Shun^^L^d  -af  a  standard  generator  /or  most  normal^op|^tions 


B.  Third  brOsh -Eliminates  the  tjse  of  a  current /regulatoY,  is  rela^jvely  ea6y 
to  change  third  bj^JSh  positn^n  and  control  the  output,  and  is  used  in  systems 
With  low  speed 'and  fow  load  requirements 

Q.     Interpole  -Provi^es  a  better  commutation  point  and  extends'brush  lite.^ 

D.    Buckmg  field -Used^^WFTere  t>iere  is  a  wide  variation  of  load  and  speed 
^  requirements  *  " 

*E.    SpUt  field-Used  jn  systems  witk  low  speed,  but  high  load  requirements 
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INFORMATION  S^HEET 


X.    Par'ts^Mhe  aljernatqPt .system  (TranspaFency  7) 

<         Altern-ator- coil  (stator)-'  i 
»  » 

&.  "  f  TywheeJ.  ,  .     .  . 

,  C.^  ^Ceramic  rirfg   .  ^   -       *  ^ 


/V      \-   D.     Rectifier       ^        -  » 
E.^    Battery.  '  -  ^  -  " 

•     ^  XI.    Advantages  or  an  alternator  over  a  genera 

"A  ''Produces  hfghe''  output  at  lovy  ^andNd^' engine  speells^^ 
.  \B.    'provides  simplicity  m  construction  which  requires  less  maintenance 

.         "  i  *        *  '  . 

1^**  \-      ^XH  *   Reverse -polarity,  .  ~         '  * 

•  .  A   ^  Generator^  polaruy  is  c^pposite  that  of  the  battery-    •  '  -  -  -^-^  -      ^  * 

.  Battery  «ris  in  series  v\ith  the  generator      i       **  *    .  " 

*y    .    '      X!  ^  Generator  buiids  up^  voltage  and  closes  the  cut-out  re'ay  points 

.    ^      #0      High  voltage^caVi  create  enough  current  ar^ heat  to  weld  the  pomtsnogether 

,  -  ^  (CAUTION    After  3^y  service  pQla^ize  the  pC  generator  )  ' 

(NOTE/  Pole  &^.pe  polarity  is 'detormined  by  tlie  magnetism  of  the  f.eld 
-  ^'    ^     •  ceils  the  last  time  currer^t  passed  thrx)ugh  the  coils  a  slight  current  througli 

*  ^      .  '  the  ffeld  coils  v--?hen  servicing  can  accidentally  change  pole  jDclanty  ) 


CHAROING  SYSTEM  COMPONENTS 


GROUND 


VOLTAGE  REGULATOR 
 ±  


BATTERY  -  1 2  VOLT 


IGNITION  SWITCW 


HI-TENSIpN^WIRE 


coil 


STARTER  GEN EkATOR 


^  LOW  TENSION -Wlf?! 


^  BREAKER  POINTS 


PARTS-QF  A  GENERATOR 
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CURRENT  FLOW  IN  BASIC  SInERATOR 


•    Magnetic  Poles 


Direction 
of  Rotation 


ArnfKiture 
•  (Rotating  wire  loop) 

THE  BASIC  PAiiJS 
OF  A  GENERATOR 


Direction  of  "'^^^'^^.^'f;, 
Current  Flow 


BASIC  GENERATED  VOLTAGE. 


Commutator 


- — Circuit.  Wil"es 


Load 

BASIC  CURRENT  FLOW 
IN  GENERATOR 


Field 
Circuit 


— \AAAV-» — 


Field 
Circuft 


COMPLETE  PARTS 
OF  BASIC  GENERATORS 


ERIC 
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AC  CONVERTS  TO  DC 


At  statjc  "neutral  point", 
no  voltage 
is  generated 


Gaps  between 
commutator  halves 


HOW  GENERATOR  CONVERTS  AXI  TO  DC  CURRENT 


First  Half  of  Revolution 


Second  Half  of  Revolution 


V  HQW.THE  POLARITY  OF  THE. ARMATURE  .CHANGES 
DURING  EACH  REVOLUTION 


V 
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EXTERNAL  GENERATOR  ^GULATOR 


GENERATOR  REGULATORS  -  THREE  TYPES 


CURRENT  -VOLTAGE 
REGULATOR 


CUTOUT  HElfif' 


CURRENT 
REGULATOR 


VOLTAGE 
REGULATOR 


CUTOUT 
RELAYS 


cut6ut  relay. 


CUTOUT  RELAY, 
CUTOUT-RELAY  CURRENT  REGULATOR. 

CURRENT  -yOLTAGE     ANP  VOLTAGE  REGULATOR 
REGULATOR  ,    »     '  -  . 


BATTERY 


CUTO'U'J     CURRENT  VOLTAGE 
RELAY    REGUJ.ATOR  REGULATOR 


AMMETER 


♦     .  GE>JERATOR 


.  RESISTANCES 


OPERATION  OF  ALi  THREE  GENERATOR  REGULATOR  UNITS 
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*  ♦ 

*  US 

TYPES  OF  GENERATORS 


SHUNT  GENERATOR 


Higher  Output       *  '  Lower  Output 


J* 


BUCKING  FIELD  GENERATOR 
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PARTS  OF  THE  ALTERNATOR  CHARGING  SYSTEM 
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.CHARGING  SYSYeM 

UNIT  in  ' 


JO^.  SHEET  #1--REM0VE  AND  REPLACE*  ^  GEWERATOR 

Too(s  anfj  materials      "  -   ^         *  '     ^         ,  • 

A.  .    yancT  tool  'ass9rtment  ^ 

B.  SuUable  pry  bar^^^^^l^  *'  • 

C.  Belt  tension  gau^e  • 

*D.  •  Generator  teit  stand  >  ,  , 


4^ 


(NOTE:  Use  any  luitable  equipment  for  spinning  generator  to  check 
operation.) 

'Safety  -glasses  ^    .  ,  .  * 

Procedure     ^  ^        .  v  '    ^  •  ^ 

A..    "Remove  generator  '         -  *      '  f     '        ,  . 

,,1.       Remove  tke  lea^s'from  the  generatol  termingls^H^igLrre' 1 )  .  ^ 

to*  ensure  that  you  put 


^  (NOTE  You1ma\want  to  tag  the  leads  t( 
'  •  tinem  back- in*the  same  position,)' 


FIGURE  1  . 


\  2.  • 


Rempve  the  generator  belt  adjusting  bolt  from  the  generator 


-3.       Move  the  generator  toward  the  engine-  (Figure  ^)^' 


s  ■ 


JOB  SHEET  #1 


\ 


FIGURE  2 


V 


at 


4.  j   .  Remove  the  generator  belt  ^om  tHe^^gerrcrator  pulley^^  . 

y 

5,  R^ove  the  bolts  holding  the  generators  to  the  engirte  mountm'g  , 
brac"ftQt^( Figure  3) 


FJGUt?E  3 


6". 
7. 


Lift  the  generator  out  of  the  braQ^ket^p^T' 
Service  the  generator  as*  required  « 
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J®B  SHEET  #1 


^.    'RepPace  generator  ^         r"—    ,  f 

r  1-      j^nsitmn  the  generator  in  the  Engine  mountmg  bracket 

2.      'Start  generator  retaining  bolts  and  tighten  securely 

^  '  3:       Position  generator  belt^on  pulley  and  mov€  generator  away  fronr>'? 
engine* -to  tighten  belt  , 

4.       Install  generator  adjusting  bolt  *  • 

\        *5.       Pry  the  genepator  away  from  engine  to  adjust  generator  belt  and 
tighten  adjustmeot  bolt  *  ^ 

6.       Check  generator  belt  tension  with  a  befWension  gauge  and  adjust  -  ' 
'   to  manufacturer's  specificajions  (Figure  4) 

(NOTE'  The  generator  bejt  must  be  adjusted  properly)  \ 


■  \ 


^Install  wire  leads  that" were  removed  from  generator 

Before  startmg  engine,-  polarize  'tne  generator 

(r^iPTE.  Polanz^fe  |'A"  circul^\geherators  by.  holding  one  end  o^f, 
a  jumper  wire  agajnst  the  regulator  BAT  'terminal:  scratch  the 
pth'er  end  of  the  jumper  wice^on  the  regulator  ARiyi*or  GEN 
tegmirials.  Polarize  "B"  circuit* generators  by'rennoving  the  lead 
from  ^he  FIELD  terminafof  the  fegalatbr/Stri-ke  (or  morrientarily* 
touch)  the  ^F;leadvto  the  BAT' terrtim^l  of  the  regulator."  See 
Figures  5  and  6.) 


QHARGING  SYSTEMS 

I      '  UNIT  III         '  ■      .  • 

JOB  SHEET 'i^2-  D!SASSEMi5LE.  CHECK,  AND  REASSy^^lBLE  A  GENERATOR 


I*    Tools  and  maten^als 

A.     BasiQ.  hand  .tool  set 
B  Growler 

C      Test  lamp  or/^olvohmmeter 


if^O 


D.    Generaf^r  pulley  puller- 


Ball  bearing  grease 


R.    .Hacksaw  blade'  ^ 
G.    Spring  tension  gauge 


H    'Shop  towels    ,     .  \  * 
r      Safety  glasses 
II.   'Precedure-  *^ 
•    A      Disasl^nnblp  generator 


(NOTE    Sgribe  generator  case  before  separatj'ng.), 
J*       Rfernbv#  geo^toc-^i^ru^boHj^^iguFe  1) 


FIGURE  1  . 


2         LiqhtlV  tap  the  generator  commutator  end  fr^m?  and  remove  from 
housing  \  •  ^  ' 


•JOB  S^EET'  #-2 


*  / 


3.       Remove  x\\e  dnv/e  end  frame  and  armature  assembly  from  the 
*  •  ^  generator  hQUslflg  (Figur.e  2)'*-  ^       *  ■ 


r 


FrGURE  2 


Remove  the  generator 'brushes  (Figure  3)    •  ^ 


'    FIGURE  3  . 


V 


/ 
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JOB  SHEET  #2 


Place  the  armature  and  drive  end  fraipe. assembly  in  a  vise  LEigure 
4),-  ■  ■  ' 

(CAUTION:  Use  brass  jaws  on  vise.) 


Remove,  the' pulley  nut  ^ 

Remove  the  pulley  irom  the  armature  using  a  pglley  puller  as 
required  (Figure  5} "  • 


FIGURE  5 


'  '36 
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^       ^        '  jgB.SHE^T  #2  ^ 

'  "8.    .  Slide  ttie  drive,  eiid  ffame  anxi  spa(5er  columns  (5ff  armature  shafT^ 

&        Remove  armature  from  vrse~ 

10/       Remove  bearing  retafwr  and^^ket  from  drive  end  frame 
•         .11         Remove  drive  end  bearing  from  drive  end  frame 
*   B.     Service  and  check  ^enefator 

1  Clean  all  generator  components 

(NOTE  Do  not  wash  the  fields  or  arm.ature  with  a  degreasing 
sol\7ent  ) 

2  Inspect  generator  drive  end  frame  bearings  for  roughness  or  scored 
races 

^  >    ^         3.f.     Inspect  generator  brush  holders  to  see  if   they  are  bent  or 
deformed,  check  generator  brush  springs  for  proper  spring  tension 

4  .     "Check  fit  of  armature -shaft  in  bushing  in  commutator  end  frame 

'    ,  •         ^     (NOTE    If  bushing  is  excessively  worn,  the  end  frai^ne  should  be 

replaced.) 

''3b.        Inspect^  armature  commutator  ,foK  roughness  or  out-of-round 

'  /  *  (NOTE*   If  armature  commutaton\s  rough       out-of-round,  it 

sfTould  be  turned  or  jerviced  or^  an  armature  turning  lathe.) 


\ 


4 


C  A 


_  \ 
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"  JOB  SHEET  .-2  |, 

Test  armature  for  shorfs  (Figure  6)      '  , 

a.  Place  the  armature  on  a  growler  and  turn  on 

b.  Rotate  the  armature  while  holding  a  hacksaw  blade  ovef  the 
armature  core         -        •  * 

^       (NOTE  .If  the  blade  vibrates,  the*armature  ts  shotted  and 
Will  require  rep-lacement  ) 


FIGURE  6 


Test  ariYiature  for  ground  ( Figure  7) 

a      Place  one  ftad 'of  a  test  lamp  on  the  armature  core  or  shaft 

b      Touch  second  lea'd  to  the  ^commutator  segments  on  the 
commutator 

c      Rotdfe  the  lead  around  the  commutator,  bemg  certain  to 
touch  ail  segments 

'(NOT£  If  the  lamp  lights,  the  armature  is  grounded  and  will 
require  replacement  ) 


FIGURE  7 
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Test  armature  for  open  —  -  •  jj 

I 

d      PlacJ  ohVtead  on  a  commutat€>r  segnnent 
r 

•  •        *  ^ 

b      Place  the  other  lead  on  the  segment  common  with  it 

(NOYE  On  a  two  brush  generator  they  will  be  180°  apart. 
Ltght  sfiould  burn  between  these  common  segments. 

c      Proceed  around  commutator  until  all  segments  have  been* 
checkqg^  -  ^ 


Test  fie'd  coil  for  open  circuit  (Figure  8) 
a 

b 


Place  one  lead  o'f  a  test  ianp  on  field  termigal 

Place  the  oti^er  lead  on  the  end  of  the  field  coil  lead  through 
the  armature  terminal 


(NOTE  if  lamp  does  not  light,  the  fields  are  open  and  must 
be  replaced  )  ,  ' 


FIGURE  8 


10        Test  field  coil  for  ground  C-A"  circuit  only)  (Figure  9) 
Place  one  lead  of  a  test  lamp  9n  generator  housing 
b    .  Place  tiie  other  lead  on  field  terminal 


(NOTE  If  lamp  lights,  the  field  coils  are  grounded  and^must 
be*  rep'aired  or  replaced.) 


FIGURE  9 
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11.       Check  insulated  brush  holder  for  ground  (Figure  10) 

a.  Place  one  lead  of  a  test  lamp  on  brush  holder'^  ^ 

b.  Piece  the  other  lead  on  the  generator  housing 

(NOTE':  If  lamp  lights,  insulategl  brush  is  grounded  and  must' 
be  repaired.)  '  '  - 


FIGURE  10 


12.  Inspect'  all  parts  for  wear  or  damage 

13.  'Replace  all  daroaged  or  worn  parts  '  ^ 
Reassemble  generator 

1.  Pack  the  generator  ball  bearings  with  high  melting  point  balj 
-Rearing  grease  -     *     .  - 

2.  Install  the  ball  bearing  in  the  drive  end  frame 

(NOTE.  Make  sure  gasket  is  in  place  and  netainer  screws  tightenecl. 
securely.) 

3.  Install  the  drive  end  frame  and  bearing  assembly  onto  arm^ure 
shaft 

(NOTE.  Make  sure  ball  bearing  spacers  are  in  place  if  used.). 
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4.        InstalJ  ball  beanng  spacers,  fan,  pulley,  and  retaming  nut 
5        Tighten  retaming  nut  secure]^ 

6.       ]/sxa\\  nev^  brushes  in  brush  holders'and  push  brushes  back  agamst 
spring  .tension  (Figure  11) 


I 


FIGURE  1  1 


8 
9 

10 

1 1 

12. 


Install  -armature  and  drive  end  frame  assembly  generator 
housing 

Release  brushes  so  they  wiM  contact  ■  commutator  ^ 
Assemble  cbmmutator  end  frame  over  end  of  arma*ture  shaft- 
Rotate  both  end  frames  until  dowels^engage,  th|q  start  thry^olts 
•(NOTE    Check  match  marks"  to  make  sure  they  line  upr.) 
Tighten  thru  bolts  securely 

Check  generator  operatioji  before.  re^Dlacing  on  vehicle  ' 
a     j  Perform  output  test  of '"A"  circuit  '^--^ 

(NOTE    Connect  generator  for  spinning  and  output  test) 
1)        Remove  field  wire„from  terminal  and  ground  to 


frame 


"3  Gb  . 
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JOB  ^HEET  #2      '  ,  *  . 

2)  ConRect  voltmeter  from  armature  terminal  -to 
frame  *  ^  .  ' 

3)  Spin  gBnerato*  In'conrect  direction  " 

4)  Check  reading  on  voltmeter      '  ^  . 
(I^OTE  Compare  to  manufacturers  specification:) 

Perfqrm  output -test  of  "B".  circuit  \ 

1]       Connect  '  [umper  wire   from  field  terTninal  to 
^.armature  terminal  '  \ 

21  *     Connect         ammeter^  lead  to  armature  Terminal 

3)  Connect        "ammeter  lead  to -positive  side  of 
battery        ^  .  ^        \     '  . 

4)  Rotate  generator 

5)  Take  reading 

(NOT^:        Compare./'  •  to*  manufacturer's 
•spec»4itations.)' -  -      .  '  ,  " 

(OAJUTION:  Disconnect  i)attery'  leads  as  soon  as 
^  test  IS  over  to  prevent  overheating.)^  - 
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UNIT  111^  ' 


JOB  SHEET  #3--R£M0VE  AND  REPLACE  AN  ALTERNATOR 


4 

I.    Tools  and  materials  ^    -  ^ 


n 


»  ,  -  A  Hand  tool  assortment 

*  '  B.  Flywheel  renioval  tools  ' 

•  Shop  towels 

•  '  D.  Safety  glasses 

II.  Procedure 

_  ^  A.  Remove  engme  shroud  or  blow«tfjiousing 

•  B.  Remove  flywheel^  ,  ^  J 

(NOTE.  Check  magnets  ort  flywhed  for  small  metal  chips  and  remove  them.).. 

C.  Check  Cdor'rect  location  of  stator  wires     ,  "  ' 

D.  Remove  stator  -boJts  and  spacers 

E\  Remove , rectifier  bolt  *  •  ' 

V.  Rerhave  statof  and  rectifier  as  a  um^  *  * 

^  €.  Replace  rectifier  .  ^       .  "  .  ^ 

i      \        '    H.  Replace  stator 

(NOTE:  ^  Hold  stator  toward  scr-ews  to  take  up  clearance  .in  mounting 
bushinjg.)        '  .       ^  , 

^  '  I.      Install  flywheel  .  *  '  ' 

'(NOTE  -Check  stator  wire  location  so  they  do  not  rub  the  flywheel.) 

^        '  •  '  J.     Replace  blower  housing  ^      ,  '  ^ 

K.    .Start  engine  and  check  alternator  output  ^\   :  ^ 

;  *■  '  ,  •      .     '  ' 


CHARGING  SYSTEMS 
A  "        UNIT  lill 


JOB^HEET  #4"D1SASSEIVLBLE,  CHECK  AND 
REASSEMBLE  AN'  ALTERNATOR 


Tools  and  materia^  « 

A.  Hand  tool  assortment 

B.  Ammeter 
C     ^Tes\  lamp 

D.  flywheel  removal  topis  • 

E.  ^Safety  glas^r  ^ 
Procedure 

A.     Run  tests  • 

L  '    Test  output '{figure  ^'1  y 


FIGURE  1 


a      Dis?:?fcnect  <:harging  l^ad  from  c.hargrng  terminal  ^ 
(NOT^E    Do  .not  allow  terminal  ofl  charging  lead  to  touch 


encjiae  or^*equ^ppent  ) 


J/    Clip  1  ^'^ott  load  lamp  between  chajging  termtnal  and  ground 

« 

*)C,  ,  Start-engine  /        -  .     *  •  - 

'  '     (NOTE   If1a^'  lights,  alternator  IS  functioning,  if  lamp  does 
noj'light,  alternator  is  defecii^.) 
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Test  stator  (Figure  2) 


FIGURE  2 


a      Disconnect  changing  lead  frqm  battery  and  rectifier  • 

b      Rernove  rectifier  bcy<' mounting  screw 

c.     Rotate  box  to  expose  eyelets  to  which  red-and  black  stator 
leads. are  solde'rec^  ^ 

(NOTE-  Charging  lead  terminal  must  not  touch  engine) 

d  '  Start  engine.      •         *  ^        *  ^  '  - 

e.-    Touch  load,  lamp  feads  to  eyelets  with  engine  running 

(NOTE:  If 'Idad  tamp  lights/thp  stator  is  satisfactory;  if  ioad 
lamp  does  not  light,  stator  or  flywheel  is  defective.) 

Check^  flywheel  and  "flator 

a.     Remove  blower  housing  and,  flywheel  and  check  to  be  sure' 
rY^agn^t  ring  is  in'  place  ali(||fc&>magnetism.  '  ' 

'•i^OTE.  'Replace  flywheel  if  needed.! 

-  b.    'Check  charging  le^d  to  be  sure  there  is  a  good  connection 
to  the  pQSiiive  (+)  battery  termi'nal 

c.  '  If  flywheel  or  charging  lead  are  not  defettiva,  replace  stator 
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JOB  SHEET  #4  •  .  , 
Replace  defective  stator  (Figure  3) 


*     rectifier  assembly 

a.     Remove  'flywheel  . 


stdtor  asstemhJy  J 


FIGURE  3 


(NOTE    Be  sure  to  note  correct  location  of  stator  wires.) 

b.  Remove  two  stator^mounting  screws  and  bushings 

c.  Rem(?ve  rectifier  box  from  stator  *assembhy 
d".     Install '^statpr    *  ~-       -        .  ^ 

e.  Torque  screws  to  correct  specification^ 

f.  Install  rectifier  bbx  connecting  leads  ftorrectly 


)n^ 


g.     Replace  flywheel-  and^  blower  .housing  and  run  engine'  tol 
check  output 


B.     Test  system 


\h      •  Test  half  wave  rectifier  (Figure  4) 


\ 


black 


FIGURE  4 


)ntingity 


no  continuity 
I  enlarging  lead 


ERIC 


y    JOB(fcSHEB,T  #4 


o  not. run  engine 


jtmutti meter  to  test  r^sistancfe  from  charging  terminal 
V  y round  ^ 

v  ••:    ^  ■ 

yc.^^   Reverse  ^te^t^t^ads  ang  recheck 

i  .  (NOJ^S^One  way  there  should  be  a  meter  readmg  and  the 
/  \  other^way  there  should  hot  be  ^ meter  readmg.  The  actual 
!  meter  'readings  are  not  important.  If  the  meteV  shows  a' 

reading  both  ^w'ays  Or  neither  way,  -then  the  rectifier  is 
,  defective.)  -  ^  • 


Bench  test  '(llt-wave  rectlf^er  with  o^mmeter 

(NOTE.  The  bridge  or  full-wave  rectifier  consist?  of  4  diodes, 
and  etfch  one  must  be  tested  individually  See  Figure  5.)    »  ^ 
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JOB  SHEET  #4 


a.  ^Conne<tf'the  positive  (  +  1  lead  of  the  ohmmeW^to^he  grbrfnd 

stud  and  the  negative  (Oile'ad  of  the  ohmm^r /o  the  brown 
(commt)n)^t^rmina!  oq  diode  #1  \yi        \    -  ' 

(NOTE:  The*^Qieter  should  show  a 'low  ^esist^nce,  meaning  ; 
.    the  current  y^ill  flow^C'GO")      ^that  direction.)",    ^       .  » 

b.  Reverse  the  ohmWtenleads,  negative  (-)  lead^to^^he  groand 
,  stud  and  ptysitiv^  {+)  lead  to  the  brown  (com7ioh)'terrT!inat 

on  diode  -    ♦       .         ^         ,       -  \' 

(NOTE  <  Th-ere  si^ouid  be  a  very  high  resistance  .reading,  ' 
-  *  s  meaning^urrent  wiil^not  flow-J"NO  GO")/in  that  direct/on, 
^  '  a  low  or  high  resistance  reading  in  both  .directions  indicates 
a  faulty  rectifier. )  '    *  •        -  . 

:    .  ^  ^' 

c      Repeat  the  procedure  for  eac*f»  of  the  remaining  diodes 


ilKir 


(NOTE    Since  color  coding'  vanes  with  diWrent  makes  and 
^  models,  the  appropriate  service  manual  should  be  consulted 
to  identify^  the  rett^fier-  termtnalsj- 

3.       Test».full-w^i<d<^fi5Ctifier  with  -voltrneter  (Figure  6) 
from  trie  harness 

bdttery  leqd 


FIGUiRE  6 


Disconnect  tfic  rectilfier  to* battery  lead  at  the  rectifier 
terminal  '     »  ^ 

Connect  thex^ltmpter  from  the  rectifier  terminal  to  a  good 


grpund 


c  '    Start  the  a^^me  and  iiw;rease  the  speed  to  a'pprpxitha'tely 
3,000  RPM 

•(NOTE  The  voltmeter  should  read  afe.out  7  volts  for  a  6 
•volt  system  anM4  volts  for  12  volt  systelfi  a  low  reading 
\ndicates  a  faufr/  rectifier.) 


^  •    •  • 


3.75 
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r 


Replace  defective  half-wave  rectifier '( Figure  7) 


a      Remove  rectifier  from'  engine  or  star.t^  motor  ^ 

"b      Pry.  off  fjber  board ;expostng' splcfered-connectioris  bett^een 
•rectifier  and.stator  i'eads  (Figure  7)  , 


fcut  st'ator  lei^i^iose  to  eyejets  (Figu 


igu're  8) 


cut  wires  here 


.  FIGURE  7 


,^      *  \  ,  '  FIGURED 

d.  ^rrtp  'insuiation  back  5'8"  on  -stator  leads 

e  Discard  de^eCtfve  rectifies  boy< 

t  Solder' on  new  rectifier  ieSds  to  statOr.  I^ds 

rj^  y/rao  solder  and  sphces  carefully  with  ^ape  (Figure  9} 


leads  spliced  and  taped  ^^c::;^ 


S 


h      Fold  fiejfls  jhto'rectifier'box  and  mourrt  on  starter  or  engine 
(Figures-  1.0  and"/l  \^  \       .        \  S 

iNQTB    Wires  -.sTiould  'not  fut|  on  Jlywheek) 


FIGURE  10 


'Ml 


^ 


:  r  •      •  •  .    ■  ^ 
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I,  JnstairfJywheel  and  bf^er  housing  ' 
j.      CKeck  output 


4 


I,;. 
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UNIT  111 


•NAME 


TEST 


Match  the  terms  on  the  right  to  the  cdrrect  definit|(Jns. 


will   vrtove  a  current 


a.  .•Unit    of-  measumment, 
current 


b.  Unit  of,electnCal  pressijre      force  that 


through  a  resistance  ^  one  ohm 

_c    Standard  un'L  for  measuring  resistance  to 
flow'  of  electrical  cu^^rent 

_d    Device  that  will  allow  current  through 
Itself  in  on^  direction  and  will  block 
.current  in  the  opposite  directign 

VVire    touching    ^^S^^^^L^ y^^^^ 
-providing- a  shorter  path  for  current  to 
flov<^ 

_f.   Circuit  in  which  a  wire  is  broken  or 
disconnected 

_g.  Circuit  in  which  a  wirQ  touches  ground 
wcagsing  the  current  to'  flbw  ;to  ground 
instead  of  through  the  circuit 


of  one  ampere 


"2. 

3.. 
•  4. 
'5. 

6- 

7. 

8. 

9.. 
10. 

t 

12. 
13ji 


ins  a 


h.  h^t)harges  th^s4^tery  arid  maintair 

'supply  of  elfetricSNlurfen^  to  meet  ^th«^,  14# 
•operating   needs   of   the   engine   ar>d  - 
auxiliary  circuits 


j6pea_£Aaiil  . 

Arcing 
©hm 

"A"  Circuit  . 

Charging  system 

Armature 
-  Grotfnded,  circuit 
_  Commutator 

Short  circuit 

Pole  shoes  ^ 

Diode  (rectifier) 

Fiefd  circuit 
*  Volt  ' 


I.   CiVrrent  attempting- to' cross  between  the 
(jorrjmutator  sefcti oris -and  the  brush  ^. 

j.   Series  of  wire  conductors  in  fhe  form  of 
a  loop  rotating  m  a  stationary  hnagnetic  , 
'  field-  '    •  .  , 

_k.  Regulator  is  between  the  battery  and 
•-aerterator  .field  winding  .  .   •  . 


15. 
16. 


Cifcuit 

* 

Regulator 


J.  Permanent  magnets  that  are  fixed  to  the 
inside,  of  the  generator  housing  and  set 
opposite  each  other  to  create  a  weak 
magnetic  field 

m.  Assembly  _Jyhjch   houses  the  'cu^-out- 
rel^y,   voltage   regulator,  and  -  current 
,    regulator  *  '  •  '        ^  » 

_n.  picection  -bf  current  flow  through  the 
generator 

o.  One  wire  conductor\vound  around  both 
poles  many  tirnes  and  attached  to  the 
brush  / 
)• 

*p.  Bars  on  end  of  armature  drive  shaft  and 
connected  t6^'Jhe  ends  of  each  wire 
conductor  wound,  m  armature 


q..  Regulator  circuit  with^supply  voltage  to 
•  \  the  generator  field  then,  through  the 
^  regulator  to  grpuni^^^^*"  .„  1  


2.       Usf  twci  kinds  of  charging  systems. 


J 


I 

r'  '  ' 


a. 


Match  the  charging  'system  comportents  on  the  right  to  the  correct  functiqns. 

*        '7  » 

1.  Regulator 


r 


a/  Supplies  electrical  power'  to  accesory. 
drcuTt5  ^nd. recharges  battery 


4^  ♦  r-' 


|Measures  thjB  rate  of  current  flovy 

c.  Opens  and  closes  the  charging  circuit 
(cut  out  rel'ay),  prevents  overchargivig' of 
battery  (voltage  regulator)^  and  limits 
the  generator'?  output  to  safe  rates 
'  (current  regulator) 

6.  Starts  the  circuit  by  supplying  spark  ta 
start  engiae  and  helps  qut  during  peak^ 
operation  when  electrical  loads  Sf^qo  * 
mucff  for  oerieTatdr  or  affernatoT  ^  • 


*2. 
3. 


Mfrimeter 

Battery 

'Generator  or 
alternator 


ER?C  • 
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4.       Idenjify  the  parts  of  a  -generator. 


5. 


A/latch  the  operating  stages  of  the  chargmg  system'  on  tRe  right  to  the  correct 
functions. 


a.   Battery  helps  generator  supply  current        1.     •  Starting  > 

Peak  operation 


_^_b.  (Senerator    supplies    all    current    ancf  2 
-     rechapges  battery  ^ 

nBattery  supplied  all  load  current^w 


Normal  operation 


^Discuss  the  current  flow  in  a  basic  generator. 


ator.  >w 


ERLC 


3o0 


Disduss  how  a  generator  converts  AC  to  DC. 


41 


/ 

t    -  i 


«5  ♦ 


4 

Match  the  external  generator /egjulators- on  the  right  to  the  correct  functions. 

 a.  Controls  the  current  flow  similar  to  the        i.       Cfut-out  relay  " 

voltage  regulator 

r  '  .     *    .  2.       Current  regulator 
 b.  Controls  the  amount  of  voltage  the 

•    regulator  produces  tfirough  the  -shunt  ,     «  .  Voltaae  redulator 

,coil  and  contact  points  controlling  the        ^'  "^oWaqe  regulator 

strength  of  the  magnetic  fiel<jl;  [Drevents-    '  '  ^ 
-  overheating                     *  ' 

'*   c.  Auto'matic  switch  which  closes-  whea 

generator  .IS  running  and  -  opens- when  '      .  " 

generator    stops    ta   arevent '  batter/' 
discharge  -  \ 

Match  the  typ^s  of  generators  on  the  right  to  the  corre^t^ses.  • 

^  a.  Used  as"  a  standard  generator  for  mo^.'-  *  bucking  field  * 


normal  operations 


2/V;J|l«unt 


.  '  .  b.  EJin^Tinates  the  use  of  a  current  regulator, •  ,  ^ 

IS  relatively  easy 'to  change  third  brush  ,      ^        ^  .    ,  .  .  ^ 
position  and  c6ntrol  the  output,,  and  is  ^   t^;  "     ^P*^ -J'^ia 
*    r    used  in  systems  with  low  speed^nd  low  .      .  , 

•      \  load  requirements  '      :  V  ■  '"terpole 

__c.  Provides  a  better  commutation  ppint  and  '^^^l^^  ^^^^^ 

^e!xtends  brush  life         '  ^  "'^t  . 


_d.  Used  where  there  is*  a  wide. variation  of 
load  and  speed  requirements 

'  e.  Used  in  systenrfs  with.low  speed,  byt  high 


\         .    load  requirements 


158-C 


13,  r     Demonstrate  the  ability  to;  , 
^         BJ     Remove  and  replace  , a  jj|neratbr.  ^ 

b.  Disassemble,  check,  and  reassemble  a  generator. 

c.  Remove  and  replace  an.  alternatdr.    ^  *  ^ 

/-  /  d.     Disassemble,  check,  and  reassemble  ^an  alt^rftator,     C  ^ 

(note.  If  these  activities  have  not  been  a<:comDli^ed  prior  to  the 
.  ask V your  instructor  when  they- should  be^iDompletedi)  i   '     :    .  ^ . 


test. 
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> 


15 

.3 
11 


e.  ■  9  -f,' 

•g.    r  • . 

h.  5 


Alternating  current 


k. 


2  ' 

m 

6 

■10 


m:  -IT* 

n.  .14 
o.  1  f2 
p.  ^8 


2 
1 


Armdtwre  ^ 
Commutator  *  ^ 
^rame  . 

Brjjsh  holder  mounting  plate 
Commutator  end  cover  ' 
Brushes 

Brush  holder   ♦  - 
-Brush  cover  strap  |^  , 


»  »  If 

Discussion  should  include:       '    '     *         -  '     .  ' 
•a      Voltage  flows  from  armature  loop  to  the  commutator  rmg  *  a 

b.     Voltage 'flows  from  the.  commut/tor  ring  through'  brushes  f  to  a  wire 

connected*  to  a  load  ^ 

_  0, 

c      Current  fibws  when  circOif  is  cotnpfete 

Discusston  should*Triclude'    .  -  *  ^ 

,.a,     Comrriutator  js  split  ih  two  parts  creating^ a  qap  as  the  comniutator  passes 

the  brushes  \    ,  ^  * 

b  '    Kasf  this  point  the  other  half  of  the  c^mmtutator  contacts  the  brushes 
reversing  the  curf^nr  ^flow 

/    '       *    •  .       *'  ■ 

•c.     At  the  same-tirne  the  rotating  arm'ature  reverses  its  polarity  converting  AC 
'  to  DC  *  *  ' 

a.  2    '      -  •  '  ^  '       '  : 

b.  3  -  •  *  '  ^  •  .  ' 
c      1                                          ■          ■     •        •  • 

a.  ■  2  •        ■  "  ■  ■ 

b.  5  ;         •  •        -  ■ 

c.  4  '     -   ^  •  '■  . 

d.  1  -  .  .  f 
3     •  - 

•  i 

I 

•  ^  I 

a      Alternator  coiT  (stator)  .    '  ^ 

,b.     Flywheel  ,       ,  •  ^  '  * 

c.  Ceramic  rmg     *  ^  *  ^  ' 

I  '  - 

d.  -    Rectifier  •  .. 

e.  Battery       ,  '  f 


^  d-    'Produces  higher  output  at  low  and  idle  engine  speeds 


12^ 


b      Provides  SimpUcity  in-  corij^ruction  which  *reqg ires  less  maintenance 

Discussion  should  include 
\ 

a.  Generator  polarity  is  opposite  that  of  the  battery 

r  • 

b.  Battery  is  in  series  with  the  generator 

c\     'Generator  'builds  up  voltage  and  cIpseSiiTh^ut-out  relay  points 
d      High  voltage  can  create  er^ugh  current  and  hea^to  weld  the  points  togeth 
Perfornnance  skills  evaluated  to  the  satisfaction  erf  the  instructor 


»  » 
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A. 


STARTING  SYSTEMS 

I  .  un'it.  iv  . 


UNIT  OBJECTIVE 


i 

After  completion  of  this  unwt,  the  student  shguld  be  able  to  regr»ove  and  replact  a  starter 
and  disassemble,  check,  and^ reassemble  a  starters, This  knowledge  will, be  evidenced  through 
denfK)nstration  and  by  scoring  eighty-five  percent  on  the  unit  test 


^  •     '    '       *  SPECIFIC  .OBJECTIVES  / 

After  completion  of  this  unit,  the  student  should  be  able  to:  ^ 
^,       Match  terms  associated  with /starting  systems  to  the  correct  definitions. 
^    2.       Identify  ,  the  types  of  sma)4  gas  engine  starters. 

3.  Match  •  components  of  the  tmechanicaf^  starting  .system  to  the  correct 
*  functidns,-    »     _     '  -  , 

4.  'Wlatch  components  of  the  DC  starting  system  to  the  correct  functions. 

5.  Identify  the  main  parts  of  a  DC  wound  field  starter*. 

6.  '     Identify  the  mam  parts  of  a  DC  starter  generator. 

7.  Identify  the  types  of  starter  drives. 

S.       Demonst/ate  the  ability  to:  '  ^ 

a.     'Remove,  disassemble,  jest,  service,^  aod  reassemble  starter. 


b.  /Replace  starter  rewind  spring. 


/ 


V 


i 


3S7  ■ 


SE  -  165-C 


STARTING  SYSTEMS 
UNfT  III 


*         ■      \     SUGGESTED  ACTIVITIES 

t 

I.    Instruetor:  ^  * 

A.  ^    Provide  student  with  objective  sheet.  • 

B.  Provide  student  with  information  and  job  sheets.  ,  ^ 
•  C.     Make  transparencies. 

'  D.     Discuss  unit  and  specific  objectives.  . 

E.  Discuss  information  sheet. 

F.  Delnorrstrate  and  discuSs  the  procedures  outlined  in  th*e  job  sheets.' 
G     Provide  examples^of  different  types,  of  starters*  and  starter  drives. 
H.     Identify  parts  of  a  twelve  volt  starter.         '  • 

1      Give  test. 
II     Student*     -  • 

r 

A.     Read  objective  shee't.  ^ 
B     Study  information  sheet. 

C.  Complete*  job  sheets.  .  .  • 

D     Tak^test. ,       ^  •  ,  , 


INSTRUCTIONAL  MATERIALS 


Includejd  in  this  unlt^ 

A     Objective  sheet 

B.     Information  sheet  •  - 

C  '  Transparency  mast&rs  , 


/ 


"1  '      TM  »1  -Types  of  Starters 
2        TM  2-TyFtes  of  Starters  (Continued) 


.    3.       TM  3-Parts  of  th?  DC  Wound  Field  Starter 

4.  TM  4-Parts  of  a  DC  Starter  Generator* 

5.  TM  5 -Tv.pes  of  Starter*  Drives"  [ 

F.    Job  sheets  '      r  .  ^    *  ' 

1  Job  ^heet  #1-  Remove,  Disassemble,  Test,  Service,  Reassemble 
,  4     antt  Replace  a  Starter     ^..i  ^ 

2.       Job  Sheet  #2 -Replace  Starter  Rewmd  Spring 

Test  •  . 

H     Answers  to  test  . 

References 

A     Armstrong,    Ivan    Auto   Mechanics,    Volume   /.^Stillwater,  ^Oklahoma: 
Oklahoma  State  Department  of  Vocational  and  Technical  Education',  1976, 

B     Small  Engines,  Volume  11,  3rd  ^d.  Athens,  Georgia:  American  Association 
for  Vocational  instructional  Materials,  1974.  ^ 
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STARTING  SYSTEA/IS 
UNIT  IV 


INFORMATION  SHEET 


Terms  and  definitions 


A     Starters-Device  which  converts  mechanical  or  electrical  power  into  rotating 
motion'  for  cr^^king  engine  *  .  ^ 

B      Starter/rame  -Housing  which  connects  and  conjoins  starter  component.parts 

C      Armature  -Mam   shaft    in    starter,   composed'  bf  commutator  segments, 
windings,  and  bushing  or  bearing  journals 

D      Brusiies  Sliding  contacts  which  transfer  electrical  energy  to  commutator 

E      Starter  drive  pinion-  Gear  that  meshes  w^th  flywheel  to  crank  engine 

F.  Pole  shoe^s  Endjf  of  magnets  in  the  field  frame  of  a  starting  motor 

G.  Field  coi^s^  Wire  wrapped  around  pole  pieces  to  increase  the  strength  of 
the  magnetig  field  when  current  ts  applied 

H     Safe  interlock  (neutral  interlock j--bafety  device -which  allows  engine  to  be 
•smarted  ir^eutral  only  '  - 

!    ^  So^enoid-  Eiectromagnetic  device  which  produces  a  reciprocating  motion  for 
remote  control  of  starting  circuit 

Types  of  small  qas^  engine  starters  (Transparencies  1  ^2) 

A      Rope-wind  *  ' 

B      Rope-rewind  * 

C     Wind  up  '  '  '  ' 

D-    Electric1(/Cc  and  ^DCl  -     '  •  '  — — 

'  :       "     '  ^  •      '  •       .  _  ' 

Components  of.  mechanical  starting  system  •  *  " 

/     *  . 

A     Starter. housing  -'Cov^  for  the  starter  ryiechaflism  '  - 

B.  Recoil  spring -Used  to  "automatically  rewind  the  started  rope  after  each, 
starting  •at'tempt     — *  .  '      •   ^      *  v 

C.  Pulley  Housing  for  pawls  tfiat  lock<  To  crankshaft  adapter  to  crank  engine 


INFORMATION  SHEET  "   '  '  .  . 

»  O.    Engaging  pawl-  Locks  pulley  to-crankshaft  adapter  on  starting  pultrOf  rope 
E.     Pawl*  sprmg- Returns  pawl  tu  neutral  position  during  rewind  cyde 

♦  *    i  • 

IV.    Components  of- DC  starting  'system 

A.  Battery-SoUrce  of  electrical  power  ^ 

B.  Key  switch-Device 'which  activates  the  starter  motor  switct)| 

'  C     Starter  motor  switch-  Switch  which  closes%the  high  amperage  circuit  from  ^ 
oattery  to  starter 

•  D.    Starter.  motor-  Drives  the  flywheel  to  crank  Ih'e  engine  . 

E     Switch  Wire  -Conductor  that  carries  a  low,amo"unt  of  current  to  energize 
the  starter  motor  switch  ,  ' 

* 

F      Bdttery   cables  Conductors  which  carry-^rge  ^amounts  of  current  to  ^ 
^    •     complete  .the  starter  circuit     '  ^v_- 

V  Parts  of  the  DC  wound  fteld  starter  ^(T/ansparency  3) 
A,     Thru  bolt 

B     Corrrmutator  end  cap  assembly       «  .  *  ' 

C      Drive  end  frame  , 

*  » 

D     Starter  frame 

E      Armature  ^  •  -  ^ 

F      PositfVe' brushes 

•  G     Starter  drive  pinion 

H     Wound  field  cotis  '  ^  ^ 

I'      Commutator  * 

VI  Parts  of  a  DC  starter  generator  (Transparency  4) 


A  Thru  bolt 

'B  Brush  holders 

C  ^  Commutator  frame  end 

D  Fratne      *           ^  ^ 

E  -Field  coil 
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INFORMATION  SHEET 

F.    Pole  shoe  ' 


G.  Insulator  ^ 

•4-  "  \ 

H.  Armature 

|,      Drive  end  frartie     *  ' 

Types  of  smarter  drives  (T/ansparency  5) 

A.  Cone^drive 

B.  Split  pulley  drive*' 

C.  Bendix  .drive 


3,9,? 


.     ROPE  REWIND  - 


'    '  ,  SPRING 


f  > 
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TYPES 'OF  STARTERS 
.  .  4Contihuecl) 

WINDUP' STARTER  BEING%UND  . 


CRANK . 
HANDLE 

HOUSING 

RATCHET 
SPftiNG 

RATCHET 
GEAR^ 

STARTER 
CONTSiOl 
'  LEVER 
(LOCKED 


'  WINDUP  STARTER  OPERATIMG  ' 


CONTltOL  LE^ 
^DISENGAGED) 


RECOi; 
SPRING 
BEING 
WOUND) 

_  ^  HOLDTNG^ 

rp"^y^  mecha-nism"' 

STARTER- 
DRIVE 


J 


FLYWHEEL 
CLH> 


ENGINE 
FLYW^IEEL 


KAICHET 
(HOLDINC?)  \ 

SPRING  ^ 
(UNWINDING) 

FLYWHEEL 
TURNING 


WIND'  UP 

•  * 

ELECTRIC 


(u) 


120-Volt  l^eceptacle 


ELECTRIC 
STARTIR-  . 
GEf^ATOR 


TM  2 


PAkTS.OF  A  DG'wbUND  f^lELD  STARTER 

V 


H 


o  : 

;ERLC 


PARTS  pF/A  DC  STARTER  GENERATOR 


THRU  BOLT 


^  BRUSH  \ 
\  HOI.DER  \ 

^     '      ^  ) 


COMMUTATOR 
FRAME  END 


FRAME 


INSULATOR 


BALL  BEARING 

(Commutator  end) 

^^^^^^  >^POLE5HOE 


BRUSH  HOLDER  / 


FhELD  COIL. 


r  PdLE-SHOE 

.\  /^ALL  BEARING 
(Pfive  end)  * 

■  J)l^iyE  END 
i|r^^RAME  : 


J  FIELD  COIL 


ARMATURE 

PULLEY  NUT 
II^SULATOR  - 


39'8 


BB7. 


(A 

m 
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TYPES  OF  STARTER  DRIVES 
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MOTOj 
^WITC 


ELECTRICAL  OUTLET 

SWnCH  CONTROL 
BUTTON.  • 

\ 

STARTER, 
HOUSING 

GEARS 


STAR^TER- 

""*'f^'-'"-^^'^>^  SHAFT  • 


CONE  SHAPED 
DRIVE  CLUTCH 

GUIDE  eOST 

ENGINE 
HOUSING 


^  RELEASE 
SPRING 


FLYWHEEL 


GONE^DRIVE 


DISENGAGED  ENGAGED 


SPLIT  PULLEY  DRIVE 


5  A  1    (  H 


EXTENSION 


PINION  GEAR 
DISENGAGED 


STARTER  SHAFT 


PINION  GEAR 
ENGAGED 


FLYwVlEEl 
GEAR 


PINION  GEAR 
DISENGAGED 


BENDIX  DRIVE 
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ST^RTIf^G  SYSTEMS  r 
UNIT  IV  .  • 

JOB  SHEET  #1"REM0VE/DI,SASSEMBLE7  TEST,  SERVICE, 

REASSEMBLE.  ANCr  REPLACE  A^DC  STARTER  \  f  . 

.  V-     -  •  ' 

Tools  and  materials*.  *  T  - 

A.  Hand  tool  Assortment  *  •  *  * 
B      A'rmature  yrouw^er  elfijd  test  light            ,          x    ,  ^ 

C      Solvent  aiad  parti  brush  or  rag  ' 

B.  -Ignition^  wrench  Sj^t  - 

E.  Awl  '        ^  •  ,  • 

* 

F.  Safety  glasses  .»  •     '  .*  ' 
Procedure              *  ^ 

"A.     Remove  starter  -  .  ^ 

1        Disconnect  battery  ^rpund  caf^te  ^ 

^2   ^    Remove  cables  and  /electrical  wires  from  starter 

(CAUTION^^Us^' two  wrenches  on  terminals  when  remotuig  top 
nu4  to  pi^vent^twiipng  terminal.)  >^ 

(NOTE   Carefully  idlenttfy  location  of  wires  vvith  masking  tape.) 

3  'Remove  starter  mounting --bolts  as^required 

4  Remove  «tarter  brackets  and  shields  'as  required 


5. 


Remove ^  starter  from  engine 


B      Disassemble  starter    ^  * 

1         Clean  outside  case  IvUh 'solvent  and 'brush  of  rag  ^ 

WOJE    Do  not  use ^  excessive,  amounts  or  submerge*  starter  in'**'" 
solvents  Solvent  should  not 'be  allowed  to  enter  the  starter.)'  ^ 

2/       Scribe-  mattng  surfaces  for  reassembly 

.3        Remove  thru  bolts  '  "  '  f  \  . 

s  •  '  '  ' 

4  .    '  Remove  end  cap         ^   ,  • 

5.       Lift  spring  and  release -brusti  ffqrn  end  cap- 
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JOB  SMEET  #1 


Remove  front  pJate'  with  armature 


(NOTE:  Some  models  may  have  starter  mounting  attached  to 
front  plate.  See  Figure  »  .  ^  '  ■  '  • 


FIGURE  1 


7.'       Place  armatun^in  vise 


(NOTE.  Be  sure  to  use  wooden  blocks  or  jaw  protectors  on  the 
>vise  to  keep'  from  damaging  armature.) 

8.  .     Disassemble  drive  assembly  (Figure  2)  *  - 


-mm  ®  @   .  • 

FIGURE  2' 

a.  Remove  stop  nut 

b.  Separate  spring,  washers,  and  drive^  pinion 

(NOTE:  Be  sure. to  note  location  of  thrust  washers  en 
armature  shaft  if  used.) 

C.    Test  and  service 


1. 


Ctean  all  starter  cornponents 


r^o 


.   (NOTE:  Clean  all  parts  by  wipinywith  clean  cloths.  The  armature, 

field  coils^  and  starter,  drive  assembly  must  not  be  washed  in  ' 
^  solvent.) 

•2.  y  'Arrange  all  starter  components  for  insppotiori. 

3.       Insplect  starter  bushings  for  looseness  and  replace  as  required  , 

Inspect  starter  brushes  for  wear  •    *  ^  ' 

.    .  (NOTE:  Brushes  worn  to  half  their  onginal  length  or  lete  should 
be  replaced.) 
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JOB  SHEET  #1 


Inspect  the  starter  drive  -  *  .  , 

(NOTE:  The  starter  drive  pmion^  gear  should  turn  freely  in- one 
direction  and  lock  when  turned  slowly  ih  the  other  direction.) 

•Inspect  armature  commutator"      \  ,     '  • 

(NOTE.  If  the  armature  commutatdr  ' IS- ^ough  or  out-of-round 
'  it  shoulcf  be  turned  down  using  suitable  equipment.)  * 

Test  the'' armature -for  short  circuits  (Frgure  3)  ' 

^  ♦  » 

(INlOTE.  Place  the  armature  on  a  growler.and  rotate  thearm;ature 
while  holding  a  hacksaw  blade  QV^£^the*arniatUre  core.  It  the  blade 
vibrates,  the,  armature  is  shorted  anrfyvi^'  require  replacement.)' 


Check  armature  for  gVou^d  (Figure  4) 

(tJOTE  Place  one^ead  of  a  test  lapnp  on  the  armature  core  or 
shaft  and  the  ether  on^~:tti^  commutator.  If  the  lamp  lights,  the 
Brmature  «  grounded  bnd.wiH  require  replacement.). 


9. 


JJOB  SHEET  #1 

I 

Check  field  coil  for  open  cirdui^  (Figure  5)  *  » 

(hJOTE:  Place  qhe  lead  of  the  test  lamp  on  the  irisulated  brush 
and  thie  other  on  the  fi^ld  connection  tab.  If -the  lamp  does  not 
tight,  the  field  coil  is  open  and  will  require  replacement.) 


FIGURE  5 


10. 


F^plac^  worp'^or  damaged  parts*'  / 


Reassemble  starter 


^  1. 


2. 


Place  front  .plate  b^lf  on  armature  ,  ' 

(NOTE:  Be  sure  and  repldce-thrust^washers  used.) 
Replace  ^rive  assembly  } 
(NOTE*  Tof'que  stop  nut  to  manufacturer's  "specifications.) 
Lift  spring  and  reinstall*  brush' in' 6nii  cap    ;  '    ,  >  . 
Place  end  cap  on  starter      \^ ;  r  ' 

o. Line  up  scribe  marks     •  •        •  % 
6.       Install  thru  bolts'    -      .       '  ,      '       -  - 

(NOTE:  Torque  ^to  manu^facturet's  .speciftcations.j^ 
Replace  starter^  '   '       ^      '  .  »  *  *  * 


1.  Cleen  starter' mounting  surfaces^ 

2.  *  Position  starter  in-mounting  position  an^l  start  bplts 

3.  Yighten  mounting  bolts  securely       *  ' 

4!  -  Place  all  wire  and  cables  on  correct  termihals 

5.  Tighten  nuts  securely     '  ' 


/ 


(NOTE"  Double  ^wrench  as  in  removal,  ffbld  terminals^'secprely, 
.."^  and. do  not  overtighten  top  fiuts.)  ^ 
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-JOe  SHEET' #1 


6.  '  V  Replace  all  brackets  and  shields 


7.  J    XighterT^II  ^olts  and  nuts  securely 

8.  Replace  battery  ground -cable  , 

9.  Start  engine  sev.eral  times  to  check  starter 


ERIC 
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STARTING  SYSTEMS 
;  ,  I     -ONIT  iV^. 

i     .  '  . 

^,  JOB  SMEET  #.2--REPLACE  STARTE R  "  fttW-iiNp  SPRING, 

/  ^  •  '  ■ 

Tools  and  rrraterials 

A'    Hand  tool  , assortment  •    -  ~ 

B.'    Rope^  inserter  ^ 
•C,     3/4    square  piece  of  square  stock  ~- 
D     New  recQii  sprin| 
'E  *  *New  starter  rope 

F.  SmalF  amount  of  grease         >  « 

G.  Cleaning  solvent.- 

H.  Safety  .glasses  "  ^ 

Procedure  *  • 

A.  •  Remove  shroud  from  engine. 

*      *  •  '  . 

Cut  knot  at  starter  pulley  to  remove  rope 

(NOTE    Apply  pressure  to*  the  puHey  so'^Ttr^Spring  will  unwin-d  slowly, 
itb  or  a  gloved' hand.)  *   .      *       '  .  / 

.  '  v  • 

 ^  puter  end  of  starter  sprmg  with  pliers  and  pull  spring  out  of  housing 

"a^s  t^r  as  possible' ('Figure  ^  I) 


\ 


end  of  spring 


t>     Bend  one  of  the  bumper  tangs  up  and  lift  out  jstart'er  p^ulley,  disconnecting 


•sprmg  .  .  ^ 


%  (CAUTION    Do  not  allow  sp^ingyto  fly  gut  of  housing  as  injury  could 
result*)' 


E.     Clean  StarterXpring  in  solvent  and -wipe*  dry 
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JOB  SHEET  #2 


.  Straighten  spring  and  install  spring  into  blotter  housing  slot  and  hook  into 
'  puJIey  (Figure  2)  , 


(NOTE.  Replace  spnng  if  it  is  damaged.) 
^hoie  in  pulley 


hub 


grease 


Replace  nylcJn  bumpers  if  w.orn.  (Figure  3) 

f 

r 

FIGURE  3  /  ' 

-  7  •  ^-^ 

Set  pulley  into  housing  and  bend  bumper  ting  down  ' 

Place  3/4"  square  ^tock  into  center 'of  pulley  hub  and'wind  puHfiy  until 
spring  is  tight  ^  ■/        '      /        •     .  / 

/&ack'off  one  tyrn  until"  hole  in  pullev'  for  ropi,  knot  and  eyelet  in  1^^ower 
/  housing  are  in  alignment  /  '  ' 

1    (NOTE'  Be  sure  spring  is  leaked  securely /m  smaller  portion  of  tapered 
hole)  •  •         /  / 

/  *  / 

Replace  st£nT5^f;;^£Qpewith  a  new  ro^e  \f  it  i^  frayed 


(NOTE  Burn  each  enc;!  of  newTope-^ith  a  Hpatch  and  wipe  with  a  rag 
*to^r?ver^t  swelling  and  unraveling) 

(CAUTION    Use  the  cWect  diameter  and  length  of  rOpe.) 
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JOB  SHEET  #2 


Secure  wrenctT  ho1dmg^4t5rmgf'tf>^9»j--4^i 

1  -^wire, 
wrench^  • 


'^square 
:iwoo^  stick 


Hote  in  housin 


FIGURE  4 


Thread  rope  through  gope  eyelet  in  housing  and  out, pulley  hole  (Figure 
'  *      ,  r  holejn  pulley 


FIGURE  5 


guide^.lug 


Tie  a  knot  in  the  rope  and  pull  it  tight 

Inspect  and  plnan  starter  clutch  assembly  as  needed  (Figure  6) 

} 

check  for  wear 


FIGURE  6 


-PemstaH  staffer^  and'*  shroud' on  engine 


Start 'engine  several  times  to  be  sure  recoil  spring  and  clutch  operate 
correctly 
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STARTJNG  systems' 
.     '    UNIT  IV 


*.  NAME 


TEST 


MatQh  the>  jerms  on  'the  right  to  the  correct  definitions. 

1. 


a.'  .Device-  which  converts  mechanical  or 

electrical  power  i;no  rotating  motion  for    "  , 
^'  crankmc)  engine  2v 


Housing  whtci;)  connects  .and  cpntains^ 
starter  component -|^)^rts\  ' 

Wain  shaft  tn  starter,^  composed  df- 
confnuitdtor  segrrients,  windings/  and 
bushincj  or  bearing  journal  ^ 


(j    Sltclmg  contacts  whirh  transfer  electrical 
energy  to  coinnnutator  •  ' 

e    G^ar  that  n^eshes  with  flywhenl  to  ccanlf: 
engine  * 


f.    Ends  of  magnets  in  the  field  frame  of 
a  starting  motor  *  ^ 


g  Wire  wrapped  around  pole  pieces  to 
increase  the  strength  of*  the  magnetic 
field  when  current  is  applied  * 

h.  Safety  device  which  allows  engine  to  be 
started  in  neutral  only 

I  Electromagnetic  device jwhich  provides. a 
reciprocating  motion  fdr  remote  cbntrol 
of  starting  circuit  / 


Identify  the  types  of  small  gas  engine"  starters 


3. 
4. 
5 

6 
7. 

\  8. 
,  9 


1 

Solenoid 

Brushes  ^ 

Pole  shoes  • 

Starter  franhe 

Safe  interlock 
.  (neutral  interlock") 

Starter 

Armature 

Field  coils 

Starter  drive, 
pinion 


1 


Match  the  components  of  the'  n[iechan{cal  starting 
correcU^unctions.  ' 


Ja.   Returns  pawl  to  neutral  position' during 
rewind  cycle*^ 


b.  Locks  pulley  to  crankshaft  adapter  on 
starting  pull  of  rope^        ^  ^ 

_c    Housing    for    pawls    that    lock  to 
crankshaft  adapter 

_d   Used  to  autdmatically  rewind  the  start^l- 
rope  after  each  starting  attempt 

e    Co\Aer  for  the  startef  mechanism 


Match  the  cojrtpanents  oy  th«  DC  starting  system 
functions  ^  i^ 

a    Source  of  electrical  power  '  > 

b.  Device  which  activates  the  starter  jnotor 
switch 


_c.  Switch  whicn  closes^the  high  amperage 
circuit  from  battery  to  starter 

d   Drives  the  flywheel  to  crank  the  engine 


«fysterTi  on  the  right  to  the 

1.  '    Starter  housing 

2.  ^     R^oi!  -Spring 

3.  Pawl  spring 

4.  Engaging  pawl 
-    5.   .  ^PuWef] 

on  the  right  to  the  correct 

1.  Staler  motor^ 

.    2.  ^  key  ^switch 

3.  Battery  cables 

4.  Battefy^  ^ 

•5.  Switch  wire  - 

.6.       Starter  motor 
switch 
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 e.  Cj:>ndi4ptor  that  carries  a  low  amount -of  *f' 

current  to  energize  the  starter  mptor 
switch  »      .        »  *    ,  " 

-    ^     t  ^Condyctors  which  Carry  Jarge  anwunts  ^  j  ^  / 
of  ^rrent  to  complete  the  starter  circuit 

,  5.*  ,  Identify  the  mam  parts  of  a  DC  wound  field  starter.  ^ 

4  V  • 
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6.    "  Identify  the  gi^in  'parts  of  a.  DC  starter  generator. 


\9 


J- 


7.      -Idenflfy-  the  types  of  starter  drives.. 


8. 


V 


a. 


b. 


Ctomonstrale  the  aWlity^o;  '         '        '  .  •  - 

a.  Remove,  c^^sembie^  test,  ;servi^e,  reassegible,  and  replace  a  starter.  . 

b.  Replace  startf^S^ewlhd  spring.  .  ^       .  ^  .  ^  \.  s 

(NOTE:  If  these  activiti^  have  not  been  accomplishe|^rior  to^the^test/ ast 
your  fnstrudor  when*  they  should  be  completed.),      '  #  .  -        '  ** 
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STARTING  SYSTEMS 
UNIt  IV 


ANSWERS,  TO  TEST 


9 


1  . 

a. 

6  f. 

3  . 

Li. 

/I  ^ 
4  g. 

o 
O 

* 

c. 

,  7  h. 

5 

* 

d. 

2        •           *  .i. 

*■ 

4 

e. 

9 

2. 

Rope-rewind  ^ 

- 

b. 

Electric  f AC* and  DC) 

<> 

r- 

c. 

Wmd  up 

d. 

Rope-wind 

o. 

b. 

4  . 

u  - 

e. 

1      .  .  * 

3 

*  a  t 

> 

4            "  ' 

b. 

2 

• 

*  c. 

6 

d. 

1  . 

V 

3               .      "  '  . 

.5. 

a. 

Wound  field  coHs 

b. 

,*Commutatd^  ^ 

• 

c. 

Starter  drive  pinion 

d. 

Positive  brush  , 

e. 

»  Armature 

• 

EMC 


1  * 
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.  -f.  Starter  frame 

g.  Drtve  end  frarVie 

hT  Commutator  end  cap  assembly* 

■  i.  Thru  bolt 

\.  insulator 

b.  .Thru  bolt 

<c.  Commutator  frame  end 

d.  Frame 

e.  Drive  end  frame 

f.  R<?1e  shoe 
*g  Armature 

\\  Field  coil ,  •      *  ^ 

I.  Brijsh'^  holder 

*a  J  Split  pulley  drive 

•b.  Bendtx  drive 

c.  Cone  drive  ^ 


8.       Performance  skills  evaluated  to  the  satisfaction  of  the  instructor 


/ 
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LUBRICATION-SYSTEMS  - 
UNIT  I-     •  , 


UNIT  OBJECTIVE 


,r    •  ^  .....  . 

After  completion  of  thjs  unit,  the  student  should  be  able  to  list  functiona-of  engine  oils 
anci  match  oil  additives  to  their  f-unctions.  The  student  should  also  be  able  to  rfame  oil 
con  tarn  111  atus  and  discuss  ways  to  avoid  oil  contamination.  This  knowledge  will  be 
evidenced  ttVough  deifionvt ration  andt  by  scoring  eighty-five  percent  on 'the  unit_  test 


■  SPECIFIC  OBJECTIVES 

After  cumf)leti«^n  oT  tht$  urnt,  the  student  should  be  able  to.  ^ 

I  ^  '  -  ■ 

1  ,  Mcitoh  tcrrr,s  as^ocidted  with  iuDncafion  systems  to  the  correct  definitions. 

2  .       List  ^jve  purposes  of  the  lubrication  system.  ,    '  , 

3  •Lssf  the  two  m.ain  types  of  lubrication 'systems.  ^ 
.  4         List  four  purposes  of  the  crankcase-  breathigr 

5  Match  the  components  pf  the  crankcase  breather  to  the  correct  purposes. 

f  V 

6  List- five  functions  of  engme  oil 

7  Selecf  the  charactensticj^of  a  good  engine  oil 

8  Discuss  oil  ratings  and  classifications. 

9  ,  Explain  the  SAE  viscosity  number  , 
10  '    ^xplam  the  ^API  classification  system 

,  J1  flame  six  oil  contaminajits 

1"2  Match  oil  additives  to  therr  functions        '  '  ^ 

13  Select  factual  statements  .about  oil 

14  List  general  rules  for  selection  and  use  of  oils  for  best  engine  performance. 

15  Discuss  two  cycle  oil  Selection  ^nd  use    •  •    •  # 
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List  ways  to#void  oil  contamination. 
DemoQsiTate  the  abilfty  to 
a      Change  engine  oil  and  filter, 
b.     Service  crankcase  breather. 


• 

• 

« 

u,. 

LUBRfCATION  SYSTEMS^"          •  .. 
•  <    •          '          %UNIT  \ 

•  '    .    '     *  SUGGESTED  ACTIVITIES 

SE  •  3-D 

•    1.    Instructor:  * 

*  * 

A.    Provide  student  with  objective  sheet.             \  - 

^        B.  •  Provide  student  with  information  shfeet.  ^    •  * 

»  { 

C.     Make  ^transparencies. 

0 

\ 

D.  Discuss  unit  and  specific  objectives. 

E,  .     Discuss  infornoation  ^heet. 

'F.  *  Invite  leakers  from  industry  to  talk  orv  lubricants. 
#  » 

• 

i 

G.  ,  Give  test.  ^-  * 
II.  ,Studfpnt:                       '              ^  ' 

A.    Read  pbjective^sheet- 

* 

B.  Study  information  sheet. 

C.  •  Complete  'job  sheets. 
^P-.    Take  test. 

.*     •             •  '•       '     INSTRUCTIONAL  MATERIALS 

1.  ^Included  m  xhis  unit: 

•*  • 

,                  A.    Objef?ff*c  sheet                                 '     v       v  ' 

B.     Inforgriation  sheet 

i 

>  < 

> 

V 

C:     Transparency  masters:          *             -  ^ 
^                    *        1.     ,  TM  1--Dippe»i  Lubrication 'System  . 

2.       TM  2-Slinger  Lubr-icatiort  System 

* 

m 

'    3.       TM  3-Dipper  and  Pump  Lubrication  System 

"    4.       TM  4-Dipper,;  Pump,  and  Con^t^t-Level  Sump 

V 

'5.       TM  5-Two  Types  of  Qr^fnkcase  Breathers 

6.       TM  B-Crankcase^^reather  Vented  to  Carburetor 

• 

.  .ERLC  . 

^   \  y          '    '  '        '  ■ 

4,IX  » 


7. 
•8. 

9. 
10. 


^ 


TM  7-Crankcase  Breather  Principles  (4  gyde  Engine! 

TM  ,8"A  Typical  Crankcase  Breather 

TM  9--Compari»on  of  Crgj|(fcase  Oils  (Viscosity-Grades) 

TM  10-SAE  Viscosity       ^  . 

TM  11--SAE  Viscosity  (Continued) 


D.  •  Test 

E.  Answers  to  test 
11.  References. 


I  A.    Fundamentals  of*  Service:       'Fuels,  LubticarTts,  and  Coolaots7  Moline, 
- 

/        Illinois.    Deere  and  Company,  1970. 


B.    fuels  and  Lubricants.  Athens,  Georgia:  American  Association  for  Vocational  ^ 
Instructional  Materials,  1973. 
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LUBRICATION  SYSTEMS  ^  .  ' 

l-NFORMATIOW.  SHEET  ^ 

m 

Termf  a^d  definitions  " 

A     Additives  Certain*  chemicals  added  to  oil  to  provifte  extra  performance  ^ 

B      Multi  grade  oil-  pils  compounded  to  behave  as  light  oils  at  cold  temperatures 

ar.d  heavy  oi!s  at  warm  temperatures 

C     SAE  Society  of  Automotive  Engineers  •  '  ,  - 

D     API  American  Petroleum  Institute  ' 

E      MIL  Oii  specifications  prepared  by  the  Ordnance  Department  of  the 

Military  Forces 


F      ASTM -American  ^Society  for  Testing -Materials 

G      Viscus.ty  A  measure  of  the  fluidity  of  an/^iLat  a  given,  temperature 

H^___^^iSco^ete^  Instrument  used  to  measure  the-'length  of  time  in  seconds 
TriQu^red  fc  a  soecified  volume  of  oil  to  flow  through  a  small  ofifice  when 
the  Qi'  iS  brought  to  a  specified  temperature       •  ,       •  _  , 

J  Friction  Resistance  to  movement  between  ^wo  objects*  placed  in  contact 
With  one  another  <  ?  ,  * 

J      "VV"  oils-  Types  of  oil?  that  are  suitable  for  winter  service 

^i^JOTE  'Type  "W"  viscosities  are  determined  at  0°F  or  -18°0 


ire  deter 
ra4>m  th 


K.     Si Jdge-Heavy,  thick  residue  foui^tUm  the  bottom  of  an  oil  pan  caused  by 
Gfi  deterioration,  or  oil  contamination 

L      Bl'ow-by-  Gases  under  pressure  leaking  by  the  piston  rings  during  combustion 

and  the  power  stroke  '  * 

*  •  u 

M     Dipper  Device  fastened  to  connecting  rod 'as  a  means  of  splashing  oil 

N     Sunger  -Devic^*^otated  by  the  camshafts  for  splashing  oil 

0  Oil  qa!'V  'passaqc'* Passageways  ^n  the  engme  used  to  carry  oil  from^ne 
J     area  to^  another  *     .  *      .  ^ 

P"     P/essure  relief  valve  Valve  m  the  lubrication  system  designed  to  lifnit 
maximum  oil  pressure 


.  .     .         INFORMATION  SHEET 

Q.    OH  pickljp  Device  allowing  the  oil  pump  to  pick' up.  oil  which  is  free  from 
sediment 'in  the  oil  pan  \      '  ,  ^  -  ' 

R     Oil  pan  (sump)  Cover  on  the  bottom  of  the  engine  block  providing  a 
_r?eservoir  for  the  engine  oil        .  . 

S.     Oil  filter- Device' used  to  remove^  abrasive  particles  from  the  .oil 

Purposes  of  lubrication  system  ,  * 

Av    Reduces  friction 

B      C^<5ls  engine  parts 

C.  ^Absorbs  shock  and  reduces  engine  noise 

D     Forms  seal  between  piston  rings  and  cylinder  walls 

E      Acts  as  a  clbansing  agent 

Types  of  lubrication'  systems.  (Transparepcies  1,  2,  3,  arid  4) 
([\iOI€    Some  -engines  use  both  systems.) 
A     Splash  system 

1  Dipper  type       .  — , 

2  Slinger  types-  » 

B     Pump  system  *  . 

1.  Barrel  and  plunger  tvipe 

2,  Gear  and  rotor  tvt)e 

f^urposes  of  crankcase  breather  (Transparencies  5,  6,  and  .7)  .  j 
A     Allows  blow-by  tp  escape  *  ' 

B.     Limits  corrosion  of  engine  parts 

C     Prevents  oil  leaks  alt  seals  and  qaskets  by  relieving  /:rankcase  f»ressure 
D     Allo'ws.  entrance  ofl  fresh  air 

Component^^f  the  c/ankcase  breather  and  their  purposes  (Transparency  8) 
A.    Cover  (vaTvef  Prevents  entrance  of  excessive  amounts  of  dirt   i  , 
B      Filter  Prevents  ,dirt  and  abrasives^^iitem  entering  air 


SE  ■  7-D 


/ 

•  (  — 


•       ifJFORMATIQN  SHE^t 

C     Baffle- Keeft3  excessive  oil  from  splashing  •onto  filter 

*      V  ^  ' 

D,     Reed' Limits  amoun^of  fresh  air  entering  cr€Rkcas$  and, allows  blow-by 

to  leave^ engine 

VI.    Functions  ofrs^ngine  oil 

A     Reduces  ''friction  and  -wear  ^  '  • 

B.     Cools  moying  parts  / 

ft 

C      Helps  seal  cylinders 

D.    Keeps  parts  clean  ^ 

■*  ♦ 
«.  • 

E  Cushions*  moving  parts'  •  ^ 

VII     Characteristics  of  good  engine^oil 

A  Keeps  a  protective  film  on  moving  parts 

B.  Resists  breakdowh  "^t  bigh  temperatures 

C  Res'sts  corrosion  ancj^rusting 

D  Prevents  ca(^bon  build-up 

« 

E  Prevents  sludge  formation     *       -  ^  •  .  - 

F  Flows  easily  at  low  termperatures 

G  Resists*  foaming  *  \^ 

•  J  H  Resists  bFeakdo^A/n  after  long  use 

m  VIM  *  Oil  ratings  and  classification 

A  SAE-  Viscosity  established  by  Society  of  Automotive  Engineers 

B  *  API  Service  classification  established  by  American  Petroleum  Institute 


C      Ml  L -Specifications  prepared  by  Ordrjance  Department  of  the  U.S.  Army, 

Navy,  and  Air  Force 


D     ASTM  Engine  sequence  tests  wh6se  procecKjres  are   adopted  by*  the 
American  Society  for  Testing  Materials  * 

4  "  •  * 

^"N         ^  IX     SAE*  viscosity  number  (Transparencies  9,  10,  and'^ll) 

^         A     Oils  vary  in  viscosity  'as'  temperatures  change 

(NOT^E   Oil  becomes  more  fluid  as  temperatures  increase  and  less  fluid  as 
.  \.    '       temperatures  decrease,)'  »• .  ' 
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LigfUer  oils  for  winter  use  are  specified  at  0°F  and  carry  a  5w,  lOw 
20 w  symbol 


,  (NOTE     Specif icatio"nfs  are   deteimined   by   tim^  of  flow  through  an 

instrument,  such  as  a-Saybolt  viscometer,  in  seconds  )  ^ 

C      Hed\/ier  oils- are  specified  'at  ^lO^'F  and  carry  a  20,  30,  40,  or  50  viscosity 

number  ' 

(NOTE  "Compounded  pils  cajled  multi-grade  behave  as  light  oils  in  cold 
'temperatures  arfd  heavier  oils  at  high  teriiperajjjres,  for  example  lOw-40 
can  replace  four  smgle  grade  oils.F 

V     API  classification  system 

A     Joint  effort  6i  API,  ASTM,  and  SAE^'organizations 


B    ♦Attempts*  to  clari-fy  oi!  specifications  and  oil  qualities  between  the  engine 
f^idnufacturer,  the  petroleum  industry,  and  the  customer 


Xf     Oil  containinants 

"A     Foreign  particles  ,  * 

B      Water  j 
C  Antifreeze 

♦ 

D  ^Fue! 

^     Oxuiation  ^  '  '  4 

F      Ac.ids  *  •  ^ 

XII     Oif  afjditives  arxJ  their\functrons  ^  ^ 

MN0T£    Most  oils  already  have  these*  additives  )  _         *  *  r^^ 

A     Anti  corrosion  Helps  prevent  failure  of  alloy  bearings  from  corrosive  acids- 
•        caused  by  |jombustion 

B      Oxidation  inhibitor-  Pc^vents  acid,  varnish,  and  skjdge  formations 

; 

(NOTE*  Oxidation  causes  oil  to  thicken.)  •  *  - 

) 

C     Anti  rust  ^Prevents  rusting  of  metal,  parts  during  storage  or  downtime 
•  / 

D     Viscosity  index  impi-over  Helps  01!  give  top:rubricating  protection  at  bojth 
high  and  low  temperatures 
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Pour  point  depressant  Prevents  wax  crystals  from  congealing  in  cold  weather* 
dnd  forming  clumps  * 

Extreme^  pressure  Assures  lubrication  where  extreme  pressures  .between 

close  tolerances  are  encountered  ^  ^  ' 


G      D^nergeht  dispersant  Helps  keep  metal  surfaces  clean  and  prevents,  deposit 

fcn^iation 

H     roam  inhibitor  H^lps  prevent  air  bubbles  which  would  restrict  lubrijiatiorf 
(i^vlOTE    Fasi  circulation  causes  oil  to  foam.) 


FdCtiidi  sr ail' men ts  about  oil     .  •  * 


A     Oil  [)r;co'^K^s  onfit  for  further  use  as  it  absorbs  contaminants  and  as  additives 

jre  depleted  '  ' 

♦  # 

B      Multi  viscosity  oils  are  not  always  preferred 

C      B'ack  Oil  does  not  me^n  time  fof  an  oil  change 

D     Buy'^qu^ty  oil  filters  as  recommended  by  machine  operator's  manual 

E      Ot:  ox4fj,Uion  results  in  thicker  oil 

F      Ijst''-]  a  Mqht  o'i  until  consumption  increases,  and  then  switching  to  a  heavier 

oM,  !s  not  a  good  practice' 

G      F;j.!c;/;tnq  operator's  manual  recommendations  is  critical  to  insure  good 

'  pert  ofptjt^cp  /• 

^'iV     Se'^^ctfon  anti  use  of  oils  for  best  engme  performance 

A  Use  [)rcjnds  v'v'hich  meet  engme  manufacturer's  specifications 

.  B  Drdin  dn(J  change  at  recommended  interv^s  ^ 

•  C  Select  oils  which  have  been  performance  tested 

D  Never  mix  oils  of  various  MIL   or  API  specifications 

E  BMfig  er^gine  uo  to  normals  operating  temperature  each  time  it  is  us^d 

F  Keep  oil  containers  covered,  sealed,  and  protected  to  prevent  contamination 

42? 
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XV.   Two  cycle  oil  selection  and  use 
A,  Selection 


1.       Select  onl\nmanufacturer*s  recommended  SAE  ratJdg 

(NOTE  Pumg^  on  oil  injectfon'  systems  are  designed  for  the 
weight  Q\\  recommended  by  the  manufacturer.  Using  wrong  SAE 
rating  can  afTect  lubrication.) 

€ 

2>.'     Select  only  oil  recommended  for  use  in  either  air  cooled  or  water 
cooled  two'  cycle  engines  ^ 

-(NOTE  *Th'e  use  of  standard  detergent  oils  can  cause  carbon  build 
*up  in  cylinder  head  and  around  moving  partsj 


B    -Use  '  .  , 

1       <Jse  Oil  fuel  mixture  recommended^  by  manufacturer 

(NOTE   Just  because  an  oil  is  rated  for  a  50-V  mixture  doesn't 
mean  your  engine  is.)  ,  ,  *  ^  ^ 

-2        Use.  Otis  that  meet  ^or  exceed  manufacturers  recommendations 

(NOTE.  A  good  qualTty  oil  may  seem^ex^fem^ve  w^en  compared 
%  •     ^  to  a  more  economical  brand,  but  it  is  inexpensive  when  compareji  * 

to  an  overhaul)  ^  •  - 

XVI     Ways  to  avoid  oil  contamination  -         .  '  , 

A.     Qrain  oil  at  recommended  intervals 

Use  clean  oil  containers  and  work  habits  ^  ^ 

C.     Replace  or  clean  filjert  before  they  become  plugged  - 


■ERJC 


423 


SE.  -  11-D 


DIPPER  LUBRICATION  SYSTEM 


424 


DIPPER 


TM  1 
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DIPPER  AND  l>UMP  LUBRICATION  ^YSTf M 


PUMP 


dIpper 
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TM  3.  ' 


DlfPEJt,  PUMP^.  AND  CONSTANT-LEVEL  SUMP 


CONNECTING 
ROD 


CONSTANT 
LEVEL 
SUMP 


PUMP 


DIPPER 
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TWO  TYPES  OfCRANKCASE  BREATHEfiT 


VALVE  STEM 
VALVE  SPRIN0 

GASKET 

VALVJ  COVER 

■  % 

BREATHER  VENT  * 
,  AND 


VER. 


FILTER  ELEMENT 


FLOATINGTDIsk 


THREADEp 
OPENING 

CRANKCASE 


CRANKCASE  BREATHER  VENTED  TO  CARBURETOR 


crAnkcasl  breather  principles 

(4  CYCLE  ENGINE)  ' 


A  TYPICAL  CRANKCASE  BREATHER 
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GASKET 
PLATE 
REED 

BAFFLE 
FILTHS- 
GASKET 

COVER  (VALVE) 
STUD 

LOCK  WASHER  ^ 
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COMPARISON  OF  CRANKCASE  OILS 

(VISCOSrTY-GRADES) 


SINGLE-VKSCOSITY  OILS 


4 '5^- 
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saeIcrAnkcase  oil  classification^ 


Viscosity 
Nurtlber 


5W 
TOW 

20.^ 
30 

40 

50 


Tinie  of  ^Flow  Through  Sa^fooll-Viscometer  In  Sec9n€l9r 


0°F. 


Min 


(Not6,  A) 

1 2:000  ^ 
(Note  €). 


6.000 


less  thari 
^  12.000 
4B.d00 


at  2WF. 


IVlin 


45 
58 

ZO 

85 


X 


IVlax 


less  tnon  58 
less  thffn  70 
less  than  85 

110 


J^DTE  XryWil^lAAiUM  VISCOSITY  AT  0°F.  MAY^E  WAIVED  PROVIDED  ^SCOSITY  At  2.W)°F.  IS  NOT 

'^B:ELQW'40  SECONDS,  SAYBOLT  UNIVERSAL.  ^  ' 

V  -  -"'  '  '  ••  ■  '  '  ' 

;  NOTE  &:  MINIMUM  VISCOStTY  Aro°F.  MAY  BE  WAIVED  .PROVIDED  VISCQSITY  A-T '210°R.  IS 

s    *       -  BEtOW  45  SECONDS.  SAVBOLT  UNIVERSAL  *  ' 
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SAE 

(Continued) 


iSU^GLE^ISCO$ITY  OILS 


SAYBOLf  KINEMATIC 
VISQOMETER  VISCOAAET€R 


A  MULTI-VISCOSITY  OIL  CAN  R^PIACE^EVERAL 
SINGLE-VISCOSITY  OILS  (When  Recommended) 
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LUBRICATION  SYSTEMS 
•    UNIT  I     ,  ■ 


JOB  SHEET  ~]  CHANGE  ENGINE  OIL  AND  FILTER 
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I.    Tools  and  materia^^s  ^*     •     •  - 

A  Drai^\pra'^    *  -  ' 

B  Wrench  to  fit  dram  plug 

C'  Ot!  can'' spout 

.  Shop  tovveis  «  *  '  ' 

E  Safety  glasses 
II     Procedure.  - 

A  Disconnect  spark  olug'vvir^  aricl  ground 

B  'Po5iu^  ^drain  pan  under  dr^n  plug 
C      Remove  atJarn  plug  (tigur^'IK 


(NOTE\  Oil  should  be  drained  when  hot  ) 


oil  filler  plug 


FIGURE  1 


;  Oil  si>mp  I 


oil  drain  plug 

Observe  ^color  and^condition  of  oil 


•{NOTE  Water  and  other  contaminants  nught  indicate  problems  in  other 
areas  )  -         V       '   -  *  • 


E  AV'ovj  oil  p«f»nt'/  of  time  to  dram  completely 
F      C\\'cin(}e  Qy  fiU-er  if  required* 


•7 


1 
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JQB  SHEET  #,1 


-  ♦  ♦ 

G     Replafce  .dram  plug.         .  ^ 

(NOTE  .Start  with  fingers  and  ti^hKen  adequately  with  wrench.)    ^  • 
H>    Refit!  crankcase^  recommended  level  with  the  proper  engine  oil  (Figure 

■  'V    ■  '       ■  '  '  '  • 

(N^E-  Be  sure  filler  can  and  spout  are  cle^jhT^ 


*  K 
L 


FIGURE  2 


,oil  filler  plug  ^  ^  :  • 


C'f^an  and  ce-piace  o;i  filler  cap 

S'drt  e.ngine  and  ODerate  for  a  few^mmutes 

Cneck  fpr'oii  ieaks 

Shut  0' ^  engine  •  . 

Cj^ck  on  ieve^  •  *  \ 

•NOTE    Add  'oil  if  /Seeded   Do  not  overfill.) 

3ve  instructor  check  wor4<: 
Clean  up  work  area  and  replace  tools  in  proper  area 


Ill 


ERLC 


SE  -  35-D 


L-UBRICATION  SYSTEMS  " 
UNIT  I   .       .  ^ 


JOB'SHEET  #2-SERVICE  CRANKCASE  BREATHER 

^  * 

r    Tools  3nd  matenals  ^ 
» 

A.,    Hand  tool  assortment 
B     C^an  towels 
C  Solver 


D*  Coptainer  for  qleanmg* parts 
E      New  gasket  ^ 


I"      i-eeier  gaug^ 
G  "  Safely  gfasses 
I  Procedure 

'A   -  D-isconnect  spark  plug  wire  and  ground 


B      Chegk  breather  for  prppe^  operation 

C      Remove  crankcase  breather  cover* if  installed  (figure  1) 


valve  cover  an 
breather  assembly 


FIGURE  1 


D     Remove  the  crankcase  breather,  if  ik  i§  not  a  part  of  the  cover 


I' 


A 'in 


It. 


36^ 


JOB  SHEET  #2 

Check  breather  valve  for  clearance  (Figure  2) 

'1.       Check,  repd  valves  with  a  feeler  g^uge 

2.       Check  manual  for  clearance  specifications 

reed  valve  ♦ 


valve  cover  ^ 
feeler  gauge 


FIGURE  2 


F  -  Disassemble  crarhkcase  breather  (Figure  3) 


V 


FIGURE  3 
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G     Clean  parts  m  'solvent 
H.    Dry  breather  with  com 

I       Replace  brt^ather  and  install  new  gaskets  if  needed 

(NOTE    To  prevent  oi!  leaks   install  parts  in^ correct  location  ) 
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JOB  SHEET  #2 

♦  V 

J.  Run  engine  for  a  few  minutes 

K.  Check'  for  oil  leaks 

L,  Shut  off  engine 

M.  Have  instructor  check  .work        '  ^ 

N.  Clean  up  work  area  and  return  tools  Xo  correct  location 
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UNIT  I  \  \^ 


NAME 


TEST 


1.       Match  the  terms  on^he  right  to  . the  correct  definitions. 


a.  Certain  chemicals  added  to  oil  to  provide 
extra  performance 


i 


b.  Oils  compounded  to  behave  light  oils 
at^  cold  temperatinBS  and  heavy  oili  at 
warm  temperatures^ 


c.  Society  of  AutomotiV  Engineers 

d.  American  Petroleum*  Institute. 

e.  Oil  -specifications  prepared  by  *  ttie 
Ordnancei<©cp€UiQjert]t  of  the ''Miirtary 
Forces 

♦        *'  • 

_f  *  Americarv  Society  foe  Testing  Materials 

g.  *  A  measure  of  the  fluidity  of  an  oil  at 
a  given  temperature  ' 

^h   Instrument  used  to  measure  the. length 
of.  time   in  seconds   required  "tor  a 
specified  volun^e  of  oil  to  flow  through 
a  small  orifice  when  the  oil  is  brought 
'to  a  specified  temperature 

1.  Device  rotated  *by  the  camshafts  for 
splashipg  oiU 

J    Cover  on  the  bottom  of  the  engine  block 
providing  a  reservoir  for  the  engine  oil 

k.  Passageways  in  the  engi.ne'used  to  carry 
oil  from. one  area  to  another. 


I 


Device  flowing  the  oil  pump  to  pick  up 
oil  vvhich  is  free  from  sediment  in  the 
oil  \)an  ( 

m.'  Device  ilised  to  rerwove  abrasive  particles 
from  thS  Q\\ 

n   Device  fastened  to'  connecting  rod  as  a 
means  of  splashing  oil 


■1. 

* 

SAE 

,  '2. 

Viscosity 

3. 

.API 

.MIL  '. 

*  5. 

Viscometer 

6. 

ASTM 

7.. 

MiiW^racie 

Additives 

9. 

Oil  pan  "(su 

10. 

OH  filter 

11. 

Slinge(* 

•  12. 

Pressure. 
^  relief  valve 

13. 

0,il  gaily 
passage)  , 

14. 

Dipper 

15. 

Oil  pickup 

t 

• 

« 
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o.  Valve  in  the  lubrication  system  Stesigned 
to  limiv  maximum  ^il  pressure 

p,  GaseS  under  pressure  leaking  by  the 
piston  rings  during  combustion  and  the 
power  strol< 


^q.^  Types  of  oils  thaT^are  suitable  fopwinter 
service 

_r.  Heavy,  thick  residue  found  m  the. 
bottom  of  5n  bij  pan  caused  by  oil 
deterioration  or  oil  contamination 

✓ 

_s.  Resistance  to  movement  between-4wa 
objeets  placed  in  contact  with  one 
another 


List  five  purposes  of  the  lubrication  system. 

:  ^  '    ■  ■■  ' 

b.    .        '  " 

cf.  •  ■ 
e. 

Lfst  the  two  mam  ty^Jes  of,  lubrication  systems. 


a. 


b.      '         .  •  , 

List  four  purposes  of  the  crankcase  breather. 

a-  .  \ 

*  / 

/ 


16. 

"W"  oils 

17. 

Friction 

18. 

Blow-by 

19. 

Sludge 

4VJ 
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5.**     Match  the  components  of  the  crankcase  breather  on  the  right  to  the  correct 
purposes. 


r 

a.  Keeps  excessive  oil  from  splashing  onto  1.  Cover  (valve) 
•    filter  . 

J       ♦       2.  Filter 
_b.  Prevents  entrance  of  excessive  anrtounts 

of  dirt  '  3.  Baffle 


""j  ^c..  Limits  amount   of  fresh  air  entering        4.  Reed 

cranRcase  and-  allows  blow-by  to  leave 
engine     •  ,  * 

 d.  Prevents  dirt  and  abrasives  from  entering 

air  •  '  " 

6.       List^Jive  functions  of  engine  oil. 

*  *  * 

a- 
b. 

■     ■  ■        '  . 

c  , 

7      /Select  the  characteristics  of  a  good  engine  oil  by  plactr^g  an  "X"  in  the 
/  appropriate  blanks, 

/  a    Keeps  a  protective  film  on  moving  parts 

—  *  ^  t  V 

/   b*  Resisjs  breakdown  ht  high  temperaflires  \ 


/ 


_c  Resists  corrosion  and  rusting 

_d  Prevents  carbon  build-up 

_e  ^vents  sludge  format!^ 

_f.  Flows,  easily  at  low  te4Tiperatures 


g.  Flows  easily  at  high  temperature 
_F»    Resists  foanning 
L    Resists  breakdown  after  long  use 


,  8        Discuss  oii  ratings  and  classifications. 


SAE - 


^  b.  API- 


4 


\ 


/ 
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c.  \  MIL- 

d.  AaTM--^f 

Explain  the  SAE  viscosity  number. 


10.    ^    Explain  the  API  classification  system.. 


11.       Name  six  oil  contammants. 
a.  , 
—  b. 
c. 

d.  '         ■  •    ■  , 

e.  ^ 

f.  '  ^  \     '  - 
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Match  the  oil,  additives  on  the  right  to  their  functions.  / 

1. 

2.  • 


a.  Helps  prevent  failure  of  altoy  bearings 
,from     Corrosive    ^acids     caused  by 
combustion  ^  , 

 b.  Prevents    acid,    varnish,    and  -sludge 

formations 


^c.  Prevents  rusting  of  metal  parts  during 
storage  or  downtime 


_d.  Helps  oil  give  top  lubricating  protection 
at  bpth  high  and  Tow*  temperatures 

e.  Prevents  wax  crystals  from  congealing  ir^ 
cold  weather  and  forming  clumps 

A 

_f.  Assures  lubrication  where  extreme 
pressures  between  close  tolerances,  are 
encountered  • 

_g.  Helps  keep  metaf  surfaces  clean  and 
prevents  deposit  formation 


Anti-rusf 

Oxidation 
inhibitor 


3.  >     Anti -corrosion 

m 

4.  Viscosity  index 
^  improver 

5.  Pour  point  . 
depressant 

4. 

6.  Extreme  ' 
pressure 

7.  Fo^m 
inhibitor 

8.  ^tergent- 
dispersant 


 h.  Helps  prevent  air  bubbles  which  vy^ould 

restrict  lubrication 

Select  the  factual  statements  ^about  oil  by  placing  arr  '^X"  in  the  appropriate 
blanks 

*  a.  Oil  becomes  unfH  for  further  use  as  it  absorbs  contaminants  and  as 
additives  are  deoleted  . 


b.  Multi-viscosity  oils  are  not  always  preferred 

_c.  Black  oil  ^^oes  not  mean  time  for  an  oil  change 

d.  Buy  quality^oil  filters  as  recommended  by  machine  operator's  rqanual 

e*  OH  oxidation  resul^  in  thicker  oil  ^ 


f    Using  a  light  oil  until  consumption  increases,  and  then  switching  to 
a  heavier  oil,  is.  not  a  good  practice 

g.  Following  operator's  manual  recommendations  \$  critical  to  insure  good 
performance^  *    •      "  - 


List  five  general  rules  for  selection  and  use  of  oils  for  best  engine  performance. 


44-D 


Or 


C, 

d. 
e. 


lS,       Discuss  the  tvj^o  cycfe  oil  .selection  and  use. 


4 


List  two  ways  to  avoid  oil  con^pmioation. 


9  ■ 


s 


17.       Demonsirate  the  ability- to: 

a.     CKange  engine  oil  and  filter. 

Seryjpe'  cran'^kcase  b^athe^.  ^ 

'  1N0TE:-U  these -activities  have  n'ot  been -at$ompli|i|jfl''prior  to' the  test,  ask 
.   '    your-  instructor'when  .they  should       comglete44  - 
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U      a.     8  " 
b. 

c.  1 
(J.  3 
\     'e.--  4' 
i..'6 

•g  2 

5 

1.  ^11 


.  '^jl^lCATIOIsr SYSTEMS 
UNIT  I 


^ANSWERS  TO.  TEST 


k.  13 

I.  15 

m.  10 

n.  ■  14 

0.  12 

p.  18 

q.  .16 

r  19 

s  -  17 


2.    J  a  Reduces  friction 

b  *  Cools  engine  parts    ,    ^           >  * 

c  .  Absorbs  shock  and  reduces'  engine  noise  f- 

d  -fprms  seal  between  piston  rm^^nd  cyflndQ^  walls 


3. 


e      Acts  as  a  cleansing*  agent 
Splafsh  system 


4. 

b      Pump  system 


.4.       a.     Allows  blow-b^  to  escape 


1 


^    b      Limits  corrosion  of  engine  parts  •         ^  V  • 

*  c.  .Pr^ents  oil  leaks  at  serais  and  gaskets  by  relieymg  crankcase  aressure  ^, 
^  d      Allows  eVitrapce  ©f  fresh  air  „  »  I 


a  3 

b.  1. 

c  4 

d.  2 
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a.     Reduces  friction  ^nd  wear  • 
b:    'Cools  moving  parts 
C/     tHelps  seat  cyljnders 

'  .  -1'       "  .       ■  °\ 

d.  Keeps  parts^  clean  ^  ^ 

e.  Cusfiions  nrOving  parts  #  .  ^  ^ 
^.  b,  c,  d,  e,      h,  I     '                                 '  * 

-Discussion  should  include*  -  -  ^ 

a.  "  SAE  Viscosity  established  by  Sc^ty  of  Automotive  Engineers^ 

API- Service  classification  established  by  American  Petroleuiari.  institute 

,c     .  IWJL-  Specifications  prepared  by  Ordnance  Department  of  U.S.  Army,  Navy, 

and  Air  Force 

•  -  ♦ 

D    ^ASTM -Engine   sequence   tests  •  who^Se  procedures   are/ adopted  .by  the 
American  Society  '  for  Testing  Materials 

ExpJanation  should  indud6 

a      Oils  vaf'y  in  viscosity  as  te^iperatures  cipange 

b.  Lighter  oils  fpr  winter, use  are  specified  at  0*F  and  cafry  a  5w,  lOw,  or 
'  ^w'symbolv   '  ^  •  '  . 

j:^   '  Heavier  oils  are4«!)ecifted  ar  210°f  and  carry  a  20,  30^^40,  or  50  viscosity 
',rvufnber  : 

fxplanation*  should  include 

'a  ^ Joint  effort  of  API,  ASTM,  and'>SAE  organizations^-        A  ' 

b      Attempts"  to^larify  oil  specij^c^tions  and  olUjp^31Ttle6  between  the  epgine 
nia^jfactijrerJ  the  petrol^jum- industry,  anctrne  customer^ 


a  RoreigrVrartixiltt*  ^ 

b  Wat^r  . 

c  ,  Antifreeze  \ 

;  Puef     '    >  *  ' 

e.  Oxi'd^tion 

f  Acids  '  : 


SE,  -  47-D  \ 


•        I  a.    3       .         e.  '5 
.^b.    2-    ....    f.  -X  • 

b,  c,  d,      f,  ^  ^ 
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Any  five  of  the^-foliowing:*  •  .  * 

'  ^  '    *i  * 

a.  Use  brands*  which  meet  engine  man^jfacturer    specifications     ^    *  ^ 

b.  Drain  and,  change      ricomnrrended  mtervalss      «    '  1: 

Select  oils  which  have  be^n  performance  tested'*       *       •  • 

•  r  *-  ^     V  \ 

Never  mix,  gils  of  various  MIL  or  APj  specifications  ^'     ,  ' 


e      Bring"  engine  up  to  hormai  operating,  temp^r^ure  each  time 'it  is  used 
f.      Keep  01*1  containecs  covered,  sealed;  and  protected. to  prevent  contamination  ^  ^  ^ 
•rode:  ,        *   ^      '  •  -  ■     •      v  ' 


15.   .    Discussion  -^hajjld  in^Bde: 

.a.-    Selection     '  *  '  *  .^r      ,    *  -  - 

'      "  •      '    •   r     .        •  •  ^ 

'  1)       Select  only  rQenyfacturer's  recommended  SAE  rating 

♦  *»  -  *  . 

*         2)      .Selett  only  oil  recommended  for  use  m  either  ^ir  cooh?<^  or  water 
'copied ^wo  cycle  engines   .    >  •   ■  * 


Use 


cooled  2wc 


\)       Use  oil-fuel  mixture  recommended  by  manufacturer 
(         2)       Use  oils  'that  rheet  or  exceed  manufacturer's  recommendations 

16.  Any  tvi/o  of  the  following* 

•   *  *        '  ^ 

a.  Dram  "bil  at  recommended  intervals 

b.  •  Use.cleelh  oil  containers  and  work  habits  ... 
•  c.  ^  Replace /br  clean  filtofs  before  they  become  plugged  * 

17.  Perform,anc€  skHls  ev^ated  to  the  s^^faction  of  the  instructor 


COOLING  SYSTEMS 
*     UNIT  II 


UNir  OBJECTIVE  C'  . 


After  completion  of  this^unit,  the  student  should  be  able  to  list  .the 'functions  .i)f  the 
cdoling  system  and  identify  the  components  of  the 'cooling  system.  The  student  should 
also  be  able  to  remo\^,  clean,  and  replace  al?  cooling  parts,  and  pressure  tesf  the  cooling 
system.  This  knowledge  will  be  evidenced  through  demonstration  and  by  scoring  eighty-five 
percent  on  the  unit^test.  "  .  '  / 


^.  .  ^  SPECI-FIC  OBJECTIVES 


'After  completion  of  this  unit,  the  student -sbouid  be**able  to:     *  '       '  • 

Match  the  terms  associated  with  co6hng  systems  to  the  cprreCt  definitions. 


1. 

2,.     •  List  three  fuqctigns*  of  the  cooling  system. 

3.  ^       Idemify  the  comp6nents  .of  ^the  cooling  ^Vstem.  '         •  ♦ 

4.  .   -Matcf^tKe  componeipts  of  th^,  cool ing^  system  to.  theif  functions 

5.  '  Den^rrstrate  the  abilUy  to'-  ' 

a.-    Remqve,  clean*  , and  replace  air  cooling. parte. 
'  b..  •  PrSs^f^tesf- tbe-^x:oolina  systeov^ 

.  c. .    Rernqve,  check,  and  replfce  a' thermostat. 
^      " .  \   ' '  .  •   ^  ^ 

I      d.     Remove  and  .replacffe^  a  water  pump. 

e.     Remove  3nd«  replace  a  radiator.^  ^ 

'    f,'    Remove,  ir>sp|ct,  and  replace  V-b'eltS.  ' 


"41  ■ 


g.  ,  Test  antifreeze  solutron.  \  '  -  '  ^ 


COOLING  SYSTEMS 
."     *0n1T  II 


'SUGGESTED  ACTIVITIES  '  . 

^nst^uctor.■  *.  •  ^ 

A.    Provide,  student' with  objective  sheet. 

B     Provide  student  wi^th  ^'p>forf^ioh  and  job  sheets. 

C.  Make  trSnsparenqes.        ^  ^ 

D.  , Discuss  unit  and  specific  ^objectives.  \  ^ 
E      Dis.cuss  inform^^n  -and  job  sheets.f^ 

Demonstrate  both  types' oT  coolin§  systems  on  engine. 
(j.    Asiist  studQ,nt\  irt  identification  of  cgmponents^  on.  live  engines. 
H    ^  [Remonstrate  and  ijiscuss  th^^oc^clures,  outlineV  in'. the  job  sheets^ 
.  1  \   "Give  test  .  ^  '  ,     '        ^       "  ^         "  ^ 

Student  '    ;  ^  *   ^  .  ^ 

A    .  Read/ objective'  sheet  -  . 

B      Study  informatrori  ^eet  '  -  •  * 

C      Complete  -job  ^h^ts  " 

D     Compare  cooling  systems  on*different  types  of  engmes  *  ' 

'E     Take  test    *     -  « 

INSTRUCXI^NAL  MATERIALS 

ded  m  this  unit  •  „  _ 

'ctive  sh'eet 

B      kiformation  sheet  .  ^ 

C      Transparency  masters  '    %  —  " 


?        TM^  1  ^arts  of  an  A^r  Coolec^  System 
2        TM  2  Parts  of  a  Liquid  Cooling  , System 


D.,   Job  sheets .        .        "  # • 

■»        ^         •  ^ 

yi.       Job  Sheet  #1-Remove,  tiean,  and  Replace  Air 'Cooling  Parts 

2,.      Job  Sheet*  #2^Pre^ure  Test  the  Cooking  System. 

3.       Job  She^t  #3--R;fimove,.  Check,  and  Replace  a  Thermostat 

,4.       Job  Sheejt  #4-Reirnove  and  Replace  a  Water  Pump 

5.       Job  Sheet.  #5-- Remove  and  Replace  a  Radiator  * 

^  6.  ^    Job  SheeT^-r Remove,  Inspect,  and  Replace  V-BeltS^jj^ 

Job  Sbeet  ^7-T^st  Antifreeze  Solutioa 


^ill  Engitresu  Volume';!.  Athens,  ^Gei^ia:  American  Assocration 'for 
/ocatjon^l  Instructional  Klatenals,  197T. 

Roth,  Alfred  C.  Small  Gas  j^ngines.  South  Holland,  Illinois: 
C?tiod|i^art-Wiilcox  Co.,  Inc.,  1975. 

*  *' 
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'cooling  systems- 
unit  II*, 
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'    ■    -      INFORMATION  SHEET 

I     Tenns  and  definitions 

A^^onduction-  Heat  transfer  through  a  solid  nnaterial 

IB      Convection  -Heat  transfer  throtjgh  nnovennent  of  a  gas  , 

(NOTE    In  cooling  systenns,  transfer  is  through  air.) 

C'    Radiation  Process  of  ennittmg  radiant  energy 'ir^  the  fornn  of—waves  or 
particles  ^  ■  . 

SiKoud  Cover  over  blo\.7er  (flyvyheet)  that  directs  air  to  the  engine  fins 

E     ,  Baffle- Cov,er  over  the  'finned  area  of  the  engine  to  hold  the  air  around 
the  -fins.  • 

F      Fm  Protrusions  cast  on  the  head  ^nd  "cylinder  to  provide  mcreased  surfac^^ 
for  addtt'(^al  CDoling  area 


>G'    Wdte--  jacket  Passage  through  \he  block  and  cylinder  head  that 'allows  the' 
cooidPt  to  circulate  around  .the^ cylinder,' valves,  and  connbustion  chamber 
»        .  \ 

1^      fladi'itor ^Devicp  for  holdfTig  coolant  in  close  contact  with  a  large  amount 
-o-  li^'  so  th^t  heat  /riay  be  transferred  from  the  coolant  to  the  atr 

!       T^'-.^r^'OStd'-  Heat  co^troiled' valve  u^c^  in  the  cooling  system  to  regulate 
t'"6  t;ovV  of  cpotan?  betr/een  the  cyh'nder  block  and  radiator  . 

.J      Water  purr   ^fevt(!:e  mounted  at  th^  Vont  of  the  cylinder  block  to  Circulate 

t'u-  coT^lat^!  throughout  the  cooling  system 

•  •  • 

K    ,  Cooling  syste^-^  Components  ^dest§ned   to   keep  the  engine  at  its  most 
'        '     efficier^t  operating  tennperattire  durinq_  e^ngine  ^tf^l^ration 

11    •  Functiors  of  t^^e  coo'""'^  sysiem  '  ^ 

A  ,  •  Re^noves  suro'us  o^"  un-.vanted  heat      >  '  *  i 

•    B      MciirtoMf^.s  efficient  ooeratinq  tem^||_rdture  under  all  operating  iconditions 

BV"vJs  ,ir^ ''-nfjirvr':  v'y^'^^f^  stfirted,  up  to  operating  temperature  as  swon  as^ 
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INFORMATION  SHEET 


Components  of  the  cooling  systems 
A.     Air  cooled  (Transparency  1) 


1  Flywheel 

2  Filter  screen 
Blower  shroud 
Cylinder  head  baffle 
Cylinder  baffle 

6         Air  deflector 
B      Liqjid  cooled  (Transparency -2) 


3 

.  4. 
5 


1  Radiator 

2  Wa^^r  pupc^p  \ 

3  Water  jacket 

4  Fan  ^  ^     .  -      '        /  ' 

5  Thermostat  .    '  * 

6  Pressure  cap 

7  '       Radiator  fiose 

8  Fan  belt  ♦  '  ' 
Components' and  fun/:tions  of  Ihe  cooling  system 

A      Air  cooled  ^     ,  . 

1  *  Flywheel  Device  used, to  mpve  a  large  volume  of  air  to  the  engine 

2  Filter* screen  Covering' on  outside  of  flywheel  to  filter  out  large 
materials  in  the  air  stream 

(NOTE    These  are  such  materials  as  leaves  and  grass  )' 

3  -  ShroL>*d-3nd\aff1es*-Covers  flywheel  "and  directs      over  the  engine 
^     fins  to  pTomote  cooling  — . 
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INFORMATION  SHEET 


Liquid  cooifd 

1  '      Radiator  Removes    heat    from    the   coolant,  by    conduction,  ^ 
radiation,  and  convection 

•  2  '      Water  fDump-PusKes  water  heated  by  the  engine  through  the 
radiator  •  ^ 

3        Water  jacket-  Allows  circulation  of  coolant  arouRd  cylinder,  where  ' 
l^it  'absorb^,  comj^tion  h,eat 

4.        Fan  -Forces  cooling  air  through  the  radiator  fins    •  '  • 

5  Thermostat-Regulate^  the  flow  of  cot)lant 

6  Pre^su re    cap -Eleven ts    coolant    from    escaping    and  allows 
atmospheric  Pressure  to  enter  cooling  system 

(NOTE   The  pVessu're  rating 'of  the  cap  affects  the  bojling  point 
of  the  coolant.  Each  pound  of  rating  raises  the  boiling  point  of  ^ 
water  about  3  degrees  F  )  ^ 

7  Radiator  hose--Trartefers  coolant  froni  the  thermostat  housing  to    ^  ^ 
radiator  and  from  radiator  to  water  puqjp 

8  Fan  belt-'Dnves  fan  and  water  pump  from  pulley  on  engine 
crankshaft 
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PARTS  OF  AN  AIR  COOLED  SYSTEM 

i 


CYLINDER  BAFFLE 


CYLINDER  HEAD  BAFFLE 


^  BLOWER  SHR6uD 


FILTER  SCREEN 


FLYWHEEL 
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.  -.^ARTS  OF  A  ;  RAdiATOR  hose 

LIQJJID  COOLING  SYSTEM 


PRE^URE  CAP 


SECTION 
THROUGH  NUAABER 
FOUR  CYLINDER 


SECTION^.  . 
BETWE|N  FIRST  AND 
SeCOf^JD  CYJ.INDBRS 
THROUGH  ENGIKE 

END  VIEW 


465. 


RADIATOR 


FAN  BELT 
WATER -PUMP  . 


.46:6 


m 
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COOLING  SYSTEMS 
UNIT  II 


...  V 


JOB  she"e,t--i  remove,  Clean,  AnO  .replace  air  cooling  parts 


I     Tools  ihml  nicUuTials  ' 
B      Wire  I J  rush 


C      Pacts  scraper 

D  '    Wooden  scr.dfjer* 

i  '  - 

CiBanif^g  so!vefit 

Pcirts  ciejFTitifj  bri^slv 


F 
vG 


Sfi^d'!  [fdWl  s[)r<3ver 


« 

1    ^   w'Jter  hose-  ''^ 
J       Gof^[)resseclj^i!r  * 


Proce'duVe 


A      Renujve  i)!c^ver  "siiroud 

^     Pe'Tigve  t)jffle^^  , 

C  'Pouf*  soiverit.  in ta' sf^rayer 


'Spray  soFvent  ov^^dirty  fins         bfock  areas  (Figure  1)  ' 

\leaniir)^j|solvenf    *  e 


FIGURE  1 


(NOTE"  Let  <;ofv^Mit  soak  iong  en'ougli  to  Joosen  caked  or  dned  dirt -of* 


.    •     *  ••4/ 

'    62D  '  •  '     ^     .       '  , 


JOB  SHEET  ^1 


(/'iOTE    U',f;  ".'-Mji^yt  V  rT:j[)prs  On  <ilLuninum  areds  like  newer' engine*  blocks 
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•  JOB  SHEET  #1  .  . 


FIGURE  .4 


wooden  scraper 


G  .  Ciean  flywheel  fns  ^  "  ^  - 

Clean  air  intake  screen  with  parts  cieanmg  brush  (Figure  5)' 





air  iintake  screen 
\ 


FIGURE  5 


\ 


I  Dcy  erl^rrTe  with  compressed  air     ^           '  ' 

J  Inspect  all  baff^s,  ?hrojjd,  and,  scjeen *  for  damage 

K  Reassennrnle  3^o*^n^  system 

L  'Have  instructor  pvalu^te  your  work 


'  / 


.  COOLING  SYSTEMS 
^  UNIT  I! 


'j4b,  SHEET  #2--PRESSURE, TEST  THE  COOLING  , SYSTEM 


Tools -ancLmaterials 

A      Radiatdr  p?fessure  tester  ' 

B     Safat^glasses  ,  y 


^Proc^ure  /        *  *  ,  * 

A,     ReiViove  radiator  cap  '  .  ^ 

(CAUTION  Never  remove  the  radiator  cap  quickly  when't-he  engine  is  hot 
\lf  C9P  must  be  removed  when  hot,  loosen' cap  to  first  stop  and  leave'^in 
this  position  until  all  pressure  is  released  'Cap  carv  then  be  removed  safely.) 

,B     ,VVtpe  th^  radiate^  filler  cap  seat  clean 

X  *    Attach  the  radiator  pressure  tester 

:X  .    •   .  .       ^  ' 

D      Apply  pressure  (Figure  1)  ^  . 


(NOTE^  Pressure  applied  should  not  exceed  recommended  coolmg^system  " 
pressure  by  more  >Han  1  pst  )  -         /   '       ^  • 

Watch  pressure  indicator 


•(NOTE    The  'cooling  system  is  not  leak^g  \\  pressure  remains  steady.) 
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'    .  JOB  SHEET  42 

*  Inspect  sysiern  if  pre^jjj^.  drop^V  •  • 

> ,  * 

1  • 


J 


^  G 


7 


Ghe(;k  for  exterrral  leaks  hose  connections,  expansio/i  AjIxh^, 
oynte/  pumf),  and  radie^tpr  •       <    ,  ' 

2^       Check  for  ■  mtefrndr]  leaks 


Start  and  ^uri' engine  Tjntfl  operating  tem[)erature  isjeac^ved  ^ 

( \'OTE      Look    inside    cap  'bpenmg     Bubbi(^s    ufd icate 
cofripresston  escapiVig  'rnto  cool'ng  system  ) 

,v       *    •■    .       ,        '  ■ 

Reattac^v  prfissure  tester  -  ^' 

Aooly  cooiinfj  s/stem  prt^ssure  ,        .    ^  " 

[^creds^^  pr^gine  spf/ed  to  half  throttle  '      '  ^      '  ^ 

It  ^essure  gauge  needle'  fluctuates,  this  indiCcit  :s 
conibustion  leak^  -  »     .  . 

'^>iOTt/  If  cgf^fff^sUon  leaks ^re  evid'ent,  the  enqire  ^'i 
hc?ve  to  be  d'Sassemjpled  for  repairs  ) 


b)' 


If  Pressure  gauge  needle  does  not  fluctuate,-  shar;jiy 
accelerate  engm^  several  tirhes  and  check  for  a  dischc^rq^^* 
f>f  water  from  the  Xail  pipe 


NOTE    If  .an^abnormai  amqurit' of  water  is^dischargt'C 


at  .the  ta^l  p'lpe,  this  cJOi  . 
hfead  or  a  *deffective  he'a^ 


^  Rt'frr/ye  tester  and  nidke  approoriate  re^air^ 
Fl'S*  ^hu  [ireSiAj're  cap  (Figure  2) 


'at^  a  cra'cked  bloCk  or' 


Y 


FIGURE  2 


^rN,OTr    U>  t.'iH  frid later  txessure  tester 
hold  tn-/  raV'd  pr^ssunt.  it  should  be  re^^TeKed 


adapter  If  the  cap  dor^^ncjt 


.      ,  ,         'COOLING  SYSTE^/fS         .  . 

•UNIT"  if  '  '  , 

JOB  SHEET '-3  REMOVE,  CHECK,  AND^REPLAGE  A.  THE RMOSTJVT 

i  .   TdoJs  and  nidter^als 

-  A      Dfg^n  [)an    •  / 
.    ^B"''*  'Hose  clamp'  pliers^ 

'        r  V    ■  f'<^> 

C  .  Hand  tool  assortment 

D      High  temperature  thermometer      ^    ■    '   ^  \ 
E      Gasket  scrauer 
F      Qasktit  sealer.             -     '  /T'V 
'  G      To  roue  \rrench  ^ — ^  ) 

>       :  '  •     .  * 

H  " .  Radiator  fill  can 

.  ) 

if  I       Safety  giasses 

^  ■    f  . 

I  Procedure 

I 

A     Drain  coolant  to  a  level  below  thermo^tat^ 


B    .  Remove  radiator  hose  connected  to  thermostat  outlet  *if  r'equwed 
C      Remove  the  thermostat  housing  reta^njng  bolts 
•D      Ren^ove  the  thermostat^housmc 


ousmq 


jRemove  yiermpst^-v*., 

F      betermme  condition  of  tPiermostat  ^  ^ 

(i\iOTE  V  Discard  thermostat  if  it  is  excessively  .rusJed.  bent,  or  stuck 
.:n  open  position  j  ^         *  ,    .  ^  ^ 

G      CKeck  thermostat  opening    '\       '        •  -  ^    -     .  - 


JOB  SHEfeT  #3 


Suspend  thermostat  in  a  container  of,- water  with  a  htgh 
temperature  thermometer  (Figure  1) 


t(gUR€  1 


Heat  the  £ontafner 


Obseri/e  the  temper3tu«^  at  which  the  thermostat  begins  to  open 
arnl  the  temperature  at  fufl  open  position 

a      Discard   thermostat   if   it   fails  'to   respond   at  specified. 
te'TTperatuVes  ^  "     ►     -  ^  •  /    '  ' 

(NOTE       Check      manufacturer's      specifications  for 
'ter^M^eratures  at  which  the  thermostat  should  start  to  open.) 


b      FiemstaM  thermostat  ff  it  checks  okay" 
C'ed^  f^erm^sra!  seat  ahd  thermostat  housing 
^■jOTE*"  "Ren^ove  j^Ii  trd^es  of  gasket  and  rust) 
P'ace  therrT^ostat  iri-to  thermostat  aoenmg  ♦  (Figure  2)  ' 

FIGURE  2 


(NOTE  Make  sure  bj^lows  «f.  spring  oq  thermostat  is  placed  toward  the 
c^'inder  block  )                           '       '  * 

fnstaii  new  gasket  Wjth  gasV.et  sealef  as  required'       ,  ^ 

I'nstail  therfTjostdt  houiJing,  start  retaining  bolts     '  »  * 


JOB  SHEET  #3 


L  Tighten  bolts  uniformly'  and" to  specified  torque  *. 

M.'  Install  hose  and  tighten  clamps  securely 

N  Fill  cooling  system  '  ; 

»  (NOTE '/Bleed  the  system  according  to  manufacturer's  specifications.) 


0     Start  engine 


1 


P      Check  for  leaks  .  * 

Q      Recheck  the  coolant  level  after  ihe  engine  i^  warm 


An- 


COOLI^JG  SYSTEMS 
.  UlsflT  II 


JOB  SHEET  ^4  REMOVE  AND  REPLACE  A  WATER  PUMp' 


.Tools  and  matenalg 

A,  Drain  pan*  ' 

B  Hand  tool  assortment 

Q  Hose  clamp  pliers' 

D  Parts  st:raper 

E  Gas}<^  sealer. 

F  Torqu&  wrench 


)  7 


G  Screwdriver 


'I 


Radiator  fiii  cari 
!       Safety  glasses 
Procecitiir^ 

A      Remove  '*,ater  pump  '  ' 

1  •      Dram  cbo'ing  systerff 

2  F^emove-  drive  belts  - 

3  Remove  fan  « 
'NOTE   Usuatiy  the  fan  must  be  removed  before  the  fan  sl^roud  ) 

4  Remove  fan  shroud      •  "       '  ^ 

5  Determnne  type  of  water  pUmp  •  ^       '  - 

^:\OTE'  Some  Nvater  pumps, are  small  and  ^re  atta€l>ed  to  tbe 
front  engine  housing  Other  pumps  are  attached  to  the  block  and 


6 


require  lovver  h'ose  removal  )? 
Remove  lower  hose  if  reauired 
Rf^move  water  pu^np  retajne^  b'olts 


( 


^OB  SHEET  #4 


8  Reipove  water  pump 

9  '  Clean  qasket  wriaterial-'and  rust  from „  gasket  'surfaces 

■  ■)    '        ■  . 

Replnre  v^ater  f)UfVip  -    »  "  g 

1  A[)[)!y  gasket  sealer  to  gasket  surfaces 

2  Piace  qasket  on  water  ^pump 

mNOTE    Sometimes  it  will  be  netessaryto  place  the  gasket  on 
the  t)lQck  for  convenience  of  instalta.tion.) 

3  Rt^f)lcrce  water  pumf) 

4  Stcjrt  fedUrrer  bolts  *  ^  ' 

5"        Tighten    water    pump-   retainer    bojts    unifc5rmly/ torque  to 

s[)ecif  icdtions 

'6         Replace  lower  hose  if  removed         /        •    -  ' 
'  7   *     Re[)!dce  fan  shroud  tf  used     •  >  /  ^^ 

8.  *     Rei->lace  fan .  assembly  <»     "  /  ^      ,      '  ' 

(NOTE    Make  si^e  fan  is^pla^ced  correctly  .to  draw  atr  through 
t^ie  radiator  )  "  '  ,     .  - 

9  f^ep'dCf?  drive  belts  - >  «^  ^  ' 

lO'  Adiust  belts  to  manufacturer's!  a^oecificGtm^aS ^ 

1  1  Close  radiator  dram  -%  . 

\^2  Fill  radiator  with  coolant 


(NOTE:  Bleed  system  according  to  manufacturer^?  specifications  )- 

v^r 


I 

'13. $tart>  engine  and  -allow  v^^rm-up  tim^  ^ 
t 


14        Check  for.  leaks  *  ^  < 

(NOTE  follow  manufacturer's  recommended  DrocediJre  for  warer 
^mp  break  in  )  ^     '  .  * 
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,  COOLING  SYSTEMS 
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•  JD^  SHEET. its-  R€MOVE  AND  FCEPLACE  A  RAD.IATOR'*^  . 

I.    Tools  anc/  nhdtenals  .  ,  ')  ^        .  • 

A     Hose_ clamp  pliers.  >  -  ^ 

B.     Hamd  tool  assortment  j  '        *  . 

■  C     Safety  glasse's  -       •  ^ 

D      Drata  pan  '  ^     .  -  " 

fl^   Procedure  »  , 

A.     Dram  ra^Jiator  liquid  into  pai'^^         .        /  ,  *  ,  , 

B      Disconnect  upper  radiator  hose  from  radiator 

C      Disconnect  4ower  radiator  hose  fron^  radi-ator' 

D      Remove  fan  shroud  attaching  ^screw's  ^    ,  "  ^ 

.E*     IVlove  fan  shroud  toward  the 'engine  ba^ck  over  Jhe  fan  assembly  > 

'  F      Remove  radiator  attaching  bolts 

G      Remove  radiator  ^  .        '  " 

K  ,  Oedn  "air  passages  using  compressed  air 

1       Check  the  radiator,  mounting  shelUfoV  breaks  or  cracks 

J  '  Replace  the  radiator  /      .     '  . 

'    (NOTE*  Make  sure^an  shroud  is  iin  place  before  radiator  is  replaced.) 

K      Position  raciiator,  start  attaching  bofts  >  .  ^  . 

L      Tighten  radiator .  attaching  boUs  ^  ^  '  *  ,  ^ 

M     Move*  fan  shroud  into  place,  install  attaching  screws,  and  tigjnten  securely 

i\l      Inspect  hoses  to  determine  if  replacement  is  necessary 

0^  ^  Remace  lower  hose  and  tighten  clamps  securely 

t    P      Replace  upper  hose  and  t^ghten  clamps^securely  .   ,         ^    ^  ^ 

t 

Q     Close  radiator  .drain  cock  * 


1 


47 


JOB  SHfeET  #5       -  - 

.     .     ..|       .  ..  •    *  ■ 

Refill  radiator  with  recommended  coolant 

■        ■  "       ;  y.  *• 

(NpTE:  Bleed  system  according  to' manufacturer's  sp^fications,) 


Start  engine  and  allow  to  w^rm-up  * 
Check  for  coolant  leaks 
Check  coolant'  level 


1 


} 
i 


--^<^1l!^     -J^  ' 


\  '    ,       *  '  •    .  .SE  ■  77  D 

COOLING  SYSTEMS  - 
'    -  UNIT  'II         .      ,        ^  •  ,  •  • 

•  '  *'  '       .         •  ' 

SHEET  ?6  R.EMdvE.-JNSPECT,.  AND  REPLACE" V-BELTS 

•  I   Tools  and.  materidls  «'         ,       .  • 


/ 


f  Hand  tool  assortntent  ^ 

'  »\        '     *    B      Pry  .bar  ,     -  \ 
C     V  bel-t  tensio'n  gauge 
r^L^  Safety  glasses 

A  Locate  slotted  ^adjustment  holes  bn  brace  or  component  to  be  adjusted  ^ 
B      Loosen  necessffcy  bolts  to  allow  component  jnovement. 


J I .    Proceofffe  . 


Move  (;onnponent  toward  'block  to  allow  V-belt  removal 

D.     Inspect  V-belt  .     ^  '       *  ' 

(PsiOTE  Inspect  for  cracks,  jflazing,  fraying,  or^ny  condition  that  wM  maj< 
the  belt' unreliable  or  inefficient  to  use)     -  •  . 

.E      Replace  V  belt*  '     "      T  ' 

F*  vAdjust  belt,  tension'^ '^l^m'anufactufer's^  specifications  (Figure  1) 


1 


/■ 


•    /  .       JOB  SHEET  #6  ^  ,  ► 

•  1 :  1  •        ,  ' 

(NOTE:  Tension  can  also  be  checked  by  measuring  the  anrvount  of  belt 
defection,  check  manufacturer's  specifications  for  pr*D^er  -defection.  » If 
specifications  ^nd.  tension,  gauge  are,  not  available  the  short  and  lon^run 
slack  examples  below  may  be  i/sed  See  FjgUr^e  2.)  ^ 


generator  belt 


*    allow  V4-in.ch  s;jack"here 


aHow  ^4  to  !-inch  slack  here 


FIGURE  2 


G      HoW  tension  on  belt  and  tighten  ail  brackets  and  braces  securely 

H      Rech^ck  ten^n 

(NpTE.  1t  will  be  necessary  to  readjust  n^w  belts  after  a  few  hours  of 
operation  due  to  stretching,) 


\ 
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JOB  SHEET  #7-TEST  ANTIFREEZE  SOLUTION  . 


I.    Materials  -Antifreeze  hytlrometer  tester 
H     Procedure'  • 
A 


B 


E 

F 

.G 


Start  engine  ^^it'  allow  time  for  coolar^^o  warm  up  to  operating  temperatJre 
Bemove  radiator. cap  .  V  . 


(CAUTION  h  ever  remove  the  radiator  Cap  quickly  when  the  engine  is  hot 
,  Loosen  cap  slowi/^ to  first  stop  and  leave  m  this  position  until  all  pressure 
IS  released^^ap  ian  then  be  rennoved  safely  ) 

C      Draw   coolant    inti^   tester"  ^nd   ennpty   several    tmnes-  to   equalize  the 
terViperature  of  all  Mparts 

D      Draw  coolant  into  l-ester" 


Bead  the  first  number  or  letter  on  the  floa\a\ove  the  IT^i^uid  sy/face 

.Note  tennperature  of  cooIa'Nt 

Measure  antifreeze  Content  ^of  the  water  by  connparing  the  reading  with 
the  chart  on  the  tester 


jm^era 


*    (NOTE    The  -antifreeze  content  should  be  such  that  the  cooling  system 
'  .     would  be  protected  to  ip'F  [b^'C]  lower  than  the  coldest  tennperature 
expected  )         '  *  •  • 

H     Add  antifreeze  if  necessary 

z 

(NOTE    Allpw  ro*bnn  for  expansion  ) 


\    ■  V 


'IS;: 
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coqYing  systems  * 

UNIT  II 


TEST 


Match,  the  terms"  on  the 'right  to  .the  .correct  definitions 
^  a.   He^t  transfer  through  'a  solid  material 


b..  Cover  over  the  finned  area  of  the  engine 
to  hold  the  air  around  -the  fins 


^  r  ^ 

_c.   Devi*ce'  for  holding  ^coolant  in  close 

contact  wi.th  a  large '^rhount  of  air  so 

that  heat  may  be  transferred  from  the 
coolant  to  the  air  ^ 

_d\ Protrusfons    cast    on*,  the    hfead  '  and 
cyfinder  to  pfovide  mcreased  surface  for 
•  additional  cooling  area  ^  '  ^ 


 e  '  Cover  over  blower  (flywheeO;;that  directs 

^    •    air  to  the  engine  fins 

 ^f.    Heat  transfer  through  movement  of  a  gas 


_g.  Passage  through  *the  block  and  cylinder 
•  heai  that  allovv^  the  coolant  tp  circulate 
around  '  the    cylinder,     valves,  and 
combustion  ch^t^bex 

h  Device  niounted  at  the  front  of  -the 
cylinder  j^lock  to  circulate  the  coolant 
throughout  the  coolin^system 

\#-  ' 

I  V  Heat  controlled  valve  used  m  the  cooling 
system  to  regulate-the  ^flow  of  cdolant 
between  the  cylinder  block  and  radiator 

J  Process  of  erYiittigg  radiant  energy  in  the 
forr/  of  waves  or  particles 

_k  Components  de'signed  to  keep  the  engine 
at  Its  most  efficient  operating 
temperature  during  engine  operation 


1 

1  »  ^ 

^^^^  4 

0 

vvaier  jacKei 

A' 

o 

o. 

Datfie 

m 

4. 

Water  pump 

f; 

Th  o  r'fn  net  at 

'  Radiator 

"  I 

7-. 

Conduction 

8. 

4 

Convection 

9. 

Cooling  system 

10. 

Shroud 

11. 

Ra^iiation 

*  • 

5? 


Match  the  ^comp^onents  of  the'  coolirig  system  on  the  nght  to  their  correct 
functions "  • 


a.  Pushes   water   h'eated  by  the  engme 
through  the  radiator 

_b.  Device  used  to  mov.e  a  Jarge  voiume  qf 
.  dir  to  the  engine  •  ^ 


_c    Drives  fan  and  water  pump  from  pulley 
oh  engme  crankshaft 


1 

2. 
3. 
4. 

5. 


Radiator 
Flyvyheel 
Water  jacket 
Thermostat 
Fan  belt 


d.  Prevents  coolant  from  escaping  and 
allows  ^  4tmospheri^p^ressure  to  en^en 
cbolmg  system 

e.  Covering  on  outsid^  of  fJy\A/heeLto  filter^ 
out  large  material^  in  the  fir  stream 

f.  Covers  flywheel  and  directs  air  'over  the 
e/igine  fins  to  promote  cooling 

_^g.  Transfers  cool-ant  from  the  thermostat 
housing  to  radiator  and  from  radiator  to 
^water  pump  '  . 

Regulates  the  flow  of  coolant 


6. 
7. 
8. 
9. 

10:- 
11., 


.  Radiator,  hose 
Filter  screen 
Shroud  and  baffles 
Water  pupnp 
Fan 

Pressure  cap     .  • 


j\     Forces  cooling  arr  through  the  radiator 
fins  ^ 

j,    Allows  (Circulation  of  .coolant  ajound 
.-cylinder,  where  it  aiDSorbs  .cpmbustion 

_k.  Removes  heat  from   the   coolant  by 
conduction,  radiation,  and  convection 


Demonstrate  the  ability  to'  / 

a      Remove,  clean,  and  replace  air  cooling  parts: 

b.     Pressure  test  the  cooling  system.  - 

Remove,  check',  and  replace  a  thermostat, 
d   ■  Remove  and  replace  a  watqr  pump. 
^     J^emove  and  replace  a  radiator, 
f.    '  Remove,  inspect^  and.  replace'  V-beJts,  * 
g      Test  antifreeze  solution.  • 


(NOTE  If  these  , activities  have  no^  been  acco'nrrplished  prior  to  the  tes%  ask  \ 
your  jnstructor  v|hen  they  shiuid  be  complfeted.)      '     '  *  • 


COOLING  SYSTEMS 
UNIT,  II 


a. 

b, 
c. 
d 


7 

,3 
6 

1 


e.  10 


ANSWERS  TO  TEST 
•f.  ■  .8  ■ 

h.  4 
1.  5 

J.    n   .  '-  . 

k.     9    ,.  " 


a      Removes  surplus  or  unwanted  heat        *      "       '  , 

b.  Maintains  .efficient  operating^ temperature  under  all  operating  conditions 

c.  Brings  an  engine,  wh^  started,  up  to  operating  temperature  ^s  soon  as 
possible  *        '  * 


a  Cylinder  baffle- 

b  Cylinder  head  baffle 

c.  Blower  shroud 

d  F^lter  screen 

e  Flywheel 

f.  Air  deflector 

q/    Radiator  hose 

t 

.a  9 

b  •  2 
c   ,  5 

d  11    .  ' 

e  7  ' 

f  8 


h.  Pressure  cap. 

I.  Fan, 

j  Fan  BeW 

k.  Water  pump 

I,  Water  jacket 

m  Thermostat 


n  ^  Radiator 


g  ^  6 

h.  4 

I  10 

j  3 

k.  1 


/ 


^erfor^c 


Perfornance  skills  evaluated  to*  the  satisf^action  of  the  instructor, 


FUEL  SYSTEXIS 
/  ■    UNIT  III  / 

UNIT  OBJECTIVE 


1*         •  • 

)n>#  this  unit,  the  student  shoulcT 


After  completion><ff  this  unit,  the  student  should"  be  able^to  list  the  purpose  of  each 
of  the  components  of  the  fuek  systenn  and  describe  the  fuel  pump  action.  The  student 
^ould  also  be  able  fo  .remove,  replace,  and  service  ^  carburetor  and  a. fuel. pump  and 
•  scrvicfe  3n  air  cleaner.  This  knowledge  will  be  evidenced  through  demonstration  and  by 
scoring  eighty-five  percent  on  the' unit  test. 

SPECIFIC  OBJECTIVES-' 

After  completion  of  this  unit,  the  stjudent  should*  be  able  to* 

"  '     \  '  -  ' 

1.  Match  -termy  associated  with  the  fuel  system  to  the  correct  definitions. 

2.  State  the  purpose  of  the  fuel  system.       .       .  . 

-  '    .3.  List  the  three  basic  type^ of  ^malhengine  fjjel  supply  systems.       .  - 

,   4  List  the -purpose  of  pach  of  the  components  of  the*  fuel  system 

*    5.  Identify  thr^e  types  of  fuel  ftkers. 

6.  Describe  the  fuel  pump  actiorr  during  the  inlet  and  outlet  strokes. 

7.  Identify  three  types  of  air  cleaners.  > 
^  8.  Idfeptify  parts  of  the  carburetor.  ; 

9        Match  the  carburetor  systems  to  the  correct  statements  of  their  use. 

\      -  ■      •  •  '  ; 

10.        Demonstrate  the  -ability  to' 

a  Service  an  air  cleaner.  « 

^  Renf>ove  and  replace  a^  carburetor.  * 

c  Service  float  type  carburetor. 

d  Remove  and  replace  a  fuel  pump.'  .    '  * 

e  Test  and  service  a  fuel  pump  ^  ^    .  . 

^    f  ,  v^ervice  sediment  bowl  fuel  strainer.  / 


f 
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f: 


€.UGG£STED.  ACTIVITIES 


Instructor: 


A.  '  Provide  student  with  objecttVe*  Sheg^  / 

B.  .^roviqje  student*  with  information  and  jb{D  shefets. 
JC.     Make  transpare^icies.    '        ^  "  V 


b.  Discuss  unit  artd  specif-ic  obj^tives.^  *  ^  '  '      •        *  \  * 

E.  Discuss  information  sheet.'       ,    ,    '  .     -       ^        '    *  * 

F  Demonstrate  and  discu.ss  the  procedures  outlined  in  ^jhe  job  sheets^ 

G.  '  Show  worn"  or  dama^d  carburetor  "parts.  \ 

H  &ive  t€St.  ^  '  •    •  , 

.Stutienf  .  *  .      *  .  ^ 

A.  Read  objective  sheet,    f  .      ^  ^  ' 

B.  Study  information  sheqp..    ♦  *  ^  , 

*  •       %  ^*  .  -  -* 

"C.     Complete  job  sheets.  .  • 

D.    Take  test.   C  .      .    .  ^     >  .  ^:  ( 

'■■/      ■    ■  . 

INSTRUCTIONAL  MATERIALS'  "    *  < 


Included  m  tl^s^unit*  ' 

A.  Obj^ve  sheet 

r 

B.  ^  Information  sheet 

'C.  Transparency  rjiasters 


j         1.       TM  1 -Fuel  Suoply  Systems^  ^  • 


i 

2  ,  TM  2''Fuef  Filter  -  Filter  Attached  to  End  of  Flexible  Fuel  Hose 
3.  .    ^TM  3-Fuel  Filter     Sediment  Bowl 

s    N 

4        TM  4-Fuel  filter  -  Screen  fn  Fuel  Tank 


5'. 

6. 
7. 

8; 
9. 
.10. 
IT. 

12. 
•  13. 
-.14. 

15. 


TM  5- Fuel- Pump 

TM  6--Fuel  Py^P  (Continued 

TM  7--Air  Cleaners^ 

TM  8--Parts  ot  a  Float  Carburetbr 

1 

TM  9"The  Float  System* 

10--Float  Type  .Carburetor; 


^TpA  1 1 -Carburetor  Choke' Vake 
•  JM  12-The  Choke  System'  • 
TlVl  13-The  High  Speed  System 


TM  M^The-  Idle  System^ 

TM  15-Bulb  Typi  Primer 

D..'  Job  sheets  '  =       *  ,       .    ,  ^ 

'  •  '  '  J 

'1.    •  Job  Sheet  #^'--Service  an  Air  Cleanet 

Job  'Sheet  .#2- Remove  andv^eplac^  a  Carburetor 
Job  Sheet  #3--Servrce\  Float  T^pe  Carburetor 
Job  Sheet  #*l--Remove  and  Replace  a  Fuel  Pump 
Job  Sheet  #5--Test  and  Service  a  F^^j^l  Hump  ^ 
Job,  Sh^et  #6-ServiCfe  Sediment  Bowl  Fuel  Strainer 

Answers  to  test  ]" 


2.- 
3. 

•  ;4. 

5. 
6. 
Tesft 


References: 


4 


A.  Roth,     Alfred     C.  4  Small    Gas    Engines,    iouth  -Trt^liand,  Illinois: 
Goodheatt-Willcox  Od.,  Inc.,  1975.        .    ,     .  • 

B.  /6%ndrix,  Laborn.  Cement  Masonry  Sti4lwater,  01<lahom^:  Curriculum  and 

Instructional.  Materials  Center/State  Department  of  Vocati.ona1  and 
TechnicaT  Education  and  Associated  General  Cori^actors,  1974. 
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,         INFORMATION  SHEET  .  .  •*  r  v 


^  Terms- 'and  definitions  *       ^     '     '  r-^ 

*  A  Venturi-Jgestriction  in  the  carburetof^which  makes  the  air  speed  up,  causing:: 
I  a  high  vacuum   ^       -  '         •  '        •  ^  _ 

•  •   >     ■  • '     4 . 

B.     Airfoil-Tube  in  a  Stream  of  air  iRSide  the  venturM  which  creates  an  air  pattern"" 
wKh  low  pVessure  on  one  side     ^    •  ^     -  ^       .  ' 

C      Atomization-Brl^^king  of  a  liqui,d  into  bny  particles  or  globyles  to  aid  vapor 
forn^ation       *        '     *      .  ^  .     .  ' 

D.     Metenng-Correct  proportiorj- of  fuel  amd  air  npede'd  fo,r,good  combustion 

E      yaporizati*on--Tr^nsferring  a  substan^ce  into  a  ga§eous'^tate 

PurfX)Se-of  the  fuel  sy.Stern--The  .fueT-^ystem,  supplies  a  combustible  rftixture  of 
air  and  fugl  vapojr  to  the  engine  j:y1inder(s)  .         '  ' 

Basic  types  of- small  engine  fuel  supply  systenis  (Transparency  T)  _ 

Gravity  feed        '     •  *  *  .    '  ' 

c 

.  B      Suction  feed^  *         .  ,  / 

•'"  ■  "■.■/. 

C     Pump  feed  ,  *  '  •      -  / 

Coniponents  of  the  f^jel  system.  ^  ^ 

*A'    -Fuel  tank" Acts  as  reservoir  to  store  fuel  for.  engine  use 

B.     ^4je1  filter-Prevents  dirt  or  foreign  matter  from  entering  the  carburejor 

C     Carburetor-Automaticaily  mixes  fuel  and  air  in  the  proper.prpportiqn  for 
a  combustible  nrtixtare  .        '  • 

*  Fyel  pump-Pumps^  fuel -from  the  fuel  tank^  to  tFie  carburetor 


E.  ^  Fuel  Ime-  Carr-ies  ftj^l  from  the  fuel  tank  \o  the  carbureto^ 

F.  Arr  cleaner- Filters^gnt  and  dust  from  the  air 'entering  the  carburetor 
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V,  'Tynfes  of  fuel  filters  (Transf)areneies;  2,  3/aflt(  4) ^ 
A'    Sediment  t^owl        '  ,      **     ^  '  h  . 


B   '  Screen  in  tue!  'tank 


C      Filter  attached  '  to 'the  end.,  of  flexible  fuel  hose  (in  tar\k)  ^ 

Vf     Put:!  f)ump  action  -  (Transparencies  5  and  6)  •  .    ,  .    ^  *. 

^  '  /  • 

"  A      Inlet  siroJ<;fi   '  / 

1,^      Diaphragm  flexes  downward,  forming  a  vacuum 
?         Inlet  check  valve  op6ns   ^      "»  . 
.  3         Fuel      drawn  into  ^ump  *    •  ^ 

^VB     Ourl-t  stroke  '  '  -      .    '  ' 

1  V      Diaplu.atjm  pushed  upward  by  /eturn.  spring    ,  ^ 

*         /   '  . 

2  inlet  ifat\/e  forced  shut  '  -  ^ 

^/ V    *  '  ;         ,    •      4  ^ 

3  *    Ckjtler  valv^  forced  "op^n 

'     '      *  '     '     I  *      -  •  .       .  ^, 

.    .      ;      4'        Fuel  IS  forced  out  of  pump      -  '  .  ' 

•  Vli      Tynes  of  riir  cleaners  (Transnarericy  7)  ^     *- ^ 

A      On  [)ath    '    '        ,       \ .  ^ 

B      Pap(?r-  element  ' 

V 

9  » 

C  Polyu'-ethane 
VIH     Paris  of  tr^e  carburetor  (Trarrsparency  8) 
*    A      FupI  inlet 

B.     Fioat^.oeefile  seat 
^.  C      Float  >neetHe  ^ 
D     Float        •    '  : 


1^  ^ 


\ 


E.  Ko7i\(' 
0 


PackuKj  nut  •  ^ 


432 


;ERIC 


7- 


•4    '  •    '  . 


si  I93D 


INFORMA'TiON.SHEET    ^'  ■  ' 

^G.    Needle  valve    ^  ,    ^  ^ 

H.    Throttle  valve  -  ' 


'J.  .  Venturi  \"  -^^      .  -^"^ 

M<.    Choke  Valve^^  /  ^   -  -  ' 

(NOTE.  These  parts  are  for  a  float  type  carfDuretor.) 

Carburetor  systems  (Transparencies  9,- 10;  X\ ,  12/  13,  14,  and  15^  ' 

A.  Float -Marntains  a '^ven  depth  of  fue^  in  the  float  ch^b^r 

^     •  * ,         -  »  * 

B.  Choke-Provides  a  richer  mixture 'for  cold^  engine  s.farting'^and  operation       '  .* 

C.  -Higb  speed-  Used  when  the  engine  is  called  upon.to  supply  power  for  full, 
part^},  Qr  ^o-load/at  various  operating  speeds    ^.  *  ^ 

D     Idie  speed-Provides  fuel  deliver^  daring  closed  or  nearly  closed  throttle 
operation     .  *     . /  *\  ^ 

"      *         *  • 

E.     Throttle -Usg^  to  control  the  speed  or  power  of  ad^  engine  according  trfr 

*the  requirements  of  the  job^t^is'to  -qertbVm  ^  4^*^ 


^ 


SE  -  95  D 


N 


r 


RUN 

/  CHOKE 

F7*«Tr^^5V\START 


CONTROL 
VMVE 


fc^     HIGH'SI*EED  1RUN)  • 
NOTCH  ALIGKIED 
POSITIONlfgG         WITH  POSITIONING 


ENGINE  CHOKED 
FOR  STARTING 

f 


SPRING 


SPRING 


FUEL  SUPPLY 
aprSTEMS 


ENGINE  RUNNING 


ENGINE  STOPPED 


4* 


PUMP  SYSTEM 


GRAVITY-FEEO  FUEL  SYSTEM 
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FUEL  FILTER 

Filter  attqched  to  end  of  flexible  fuel  hose 
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G 


fOIUFILTER 

I  ASS  SEDIMENT  BOWL  AND  . SCREEN} 


^   FUEL  TO 

Carburetor 


GLAS^ 
BOWL 


FUEL  FROM 
TANK 


SHUT-OFF 
VALVE 


WATER  AND 
SEDIMENT 

JAM  NUT 


3 
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FUEL  mVk 

(SCREEfJ  IN  TANK) 


FUEL  IN 
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FU£L  PUMP 


■  V" "  '-t- 


'      Pump  Body 

Rocker  Arjji 
Return  Spririg 

'         •      Oil  Secrl 

.Retainer-  >^j|'^5 


Rocker  Arm 


□ 


Outlet  Vdlve  Closed 
Outlet 


VapoF'Return 


Eccentric 


■Rocker  Arm  Pivot  Pin > 


^'Di^iphragnrv  Sprihg 

DLapliyagni:. 
-r  FueT  Pum'p  Cover  . 

-.  Inle*  Valve  Open 


mp  Body 


Rocker  Arm 
Return.  Spring 

'Oil  Senl 
Retainer 


Rocker  Afm 


Outlet  Valv^e  Ppen 
Outlet 

Vapor  Return 


'Eccentric  ^ 


□ 


ffockerArm 
•  •  PJvot  Pin     *  ■' 

Diophrag/n  iSpring 

Pioj^agm' 

Fuel  Pump  Cover 

Inlet  Vdtve  Closed 


J 


Fuel'& 


trainef 


OPERATION  Of  FUEL  PUMP 


Hand  Primer 
.  bever 


Fuel  Outlet  0^1    F^^Z^O  Fuel  Inlet'  • 


Outlet  Valv 


BrTgine  Cam 


Rocker  Arm 


CUTAWAY  VIEW  OF  . 
ELECTRIC  FUEL  PUMP  . 


Inlet  Valve 
Bellows 


Electromagnet 
^Return  Spring 
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Fuel  Bowl . 


Rockdr 
Arm 


-Filter 
Bowl 

Valve  • 
^Outlet; 

3"Fuel  t 
Out 


Armature 
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IL-BATH  AIR  CLEANER 


AIR  CONrAIWNG 
^RT  PARTICLES-  • 


CQVEP 


PAPER 
FILTEI^ING 
ELEMENT 


7  •'■ 

/  AIR  V 


CtEANT 

T<f     "  ^ 
CARBURETOR  . 

DRY-rilTrt  AIR  CtlAilER'  , 


/  containing 
dIrt 

PARTieiES 


AIR  CLEANERS 


METAL  MESH 
FILT^^R  FAD 

I  SCRg^N 


RIM 


SCREEN 


■4.: 


CLEAN  AIR  , 
TO  CAfliBURETOR 

,  POLYURETHANE 
FILTER  PAD 


AIR  CONTAINING 
^|RT.  PMm:LES 


\  DiRjY  AIR  IN 
CXEAN  AIR         /(  I     c  THROUGH  VEI 
TO  CARBURETOR  ^ 

^  ^LYUftETHANE  fVPE 


.FUEb  INLET 


NtEDLE  ^EAT 


FLOAT  NEEpLE  — 


NOZZLE 
PACKING  NUT 


NEEDLE  VALVE, 

r 


.THROTTLE  VALVE 


.  CHOKE  VALVE 


r 


CO 

m 
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THE^LO AT  SYSTEM 
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FUEL  INLET 
FLOAT  VALvi  A^SEMBl 


HINGE  PIN^ 


H 
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FLOAT-TYPE  CARBURETOR 


THROTTLE  VAJ.VE 


FLOAT 
FUEL 

CHAMBiR 


7" 

FUEL         FUEL  . 
VALVE  FROM 
JANK 
,     OR  PUMP 
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CO 

m 


CARBURETOR  CHOKE  VALVE 


CHOKE  VALVE  . 
CLOSED. 


MORE  FUEL 

LESS  AIR  . 

-  \ 


ERIC 


509 


51Q 


in 


CHQKE  SYSTEM      '  ^ 

•    /  VERY  LOW  PRESSURE  WHEN<:H0KE  IS  ClSSED 


0 


THE  HIGH  SPEED  SYSTEM 
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TO  ENGINE 


^■ATMOSPHERIC  PRESSURE 


LOW  PfJISSURE  AREA 


ATMOSPHERIC  PRESSURE 
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in 


to 
6 


THE  IDLE  SYSTEM 


ERIC 


SHOULD  BE  SLIGHTLY,OPEN 

5 


m 

i 

■i 


AIR  BLEED  HOLES 


NEEDLE  VALVE 


O  -4.  U 


LOW  PRESSURE 


IDLE  MIXTURE  SCREW 


ATMOSPHERIC  PRESSURE 


516  . 


(A 

m 


BULB  TYPE  PRIMER 


VENT  HdLE 


PKIMER  BULBt 


THROTTLE 
VALVE 


V 


AIR 

PRESSURE 


FLOAT 


FUEL 
INLET 
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UNIT  fli 

JOB  SHEET  #1-SERVICE  AN  AIR  CLEANER  ' 

1/   Tools  -and  materials  ^         ^  - 

A.    Compressed  air  *  .  * 

^    :  .        *  '  /  ■ 

.   •  B.    Obnt'ainer  of  soluent  and  cleani;^  brush 

C.  Shop  towels      '       «  . 

D.  Screwdriver  .         -  ^ 

E. "^  Clean  engine  oil  '  *  . 

F.  "-Safety  glasses '  ,  v    -  " 
II.    Procedure  , 

A.  Disconnect  and  ground  spark  plug  wire 

B.  Rernove  air  cleaner  fastener^ 

C.  ^  Remove  air  cleaner  and  air  cleaner  cover 

D.  Determine  the  type  of  air  cleaner' element  '  "  ^  . 
E*-  Service  air  cleaner  accor(;iing  to  type^       ,      .      ^  . 

1/      Service  paper  air  cleaner  element 

• (NOTE:  Paper  air  cleaner  elements  should  be  replaced  at  specified 
intervals.) 

fit  ^'     ^^^^^  by  tapping  lightly  on  a  flat  surface  or  by  directing 

paper  rilTer  a  controlled  stream  of  compressed  air  through  the  element 

element  opposite  normal  air  fJow  (Figure  1) 


FIGURE  1 
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JOB*  SHEET  #1  * 

b>     Before  reinstalling,  x:heck  the  element  against  the  light  to 
make  sure  there  are  not  holes  or  ruptures  present 

(NOTE:  Light  sfiould  be  visible.  If  not,  discard  elfement.) 

^     Check  bottom  and  top  gasket  surfaces  of  the  paper  element 
for  damage  •  "    ^  ' 


d.r    InstalUright  side  up  when  inqMlf(!3 
Service  poiyjurethar^e  -element 

a.  Remove  thq  poiyurethane  element  from  the  support  screen 

b.  Wash  It  tbJipughly  (Figure  2) 

(NOTEc  The  element  can  be  washedTn  solvent  or  sqap  and 
water.)* 


soap  and  water 


FIGURE  2. 


c,  .  Squfeeze  out  the  solyent^pr  soap  and  water 

(NOTE':  ^Oo  not  wring/ as  the  element  might  tear) 

d.  Reoil  the  filter  element  with  clean>€ngine  oil 
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*JOB  SHEET  #1 


4  ' 


e.     Squeeze  the  excess  oil  from  the  yxer  element  (Figure  3) 


pqlyurethane  filter  eltem#nt 


R0URE3'         j  % 


f.     Replace  element  on  su^Dii^ort  screen  ^ 

f  (NOTE';  Make  su'rp'  the  element  is  placecf  on  the  support 
screen  to  form^a  5ound  seal  for  both' top  and  bottom  contact 
ed*ges.)     .     ^  •    -   .  -      '  " 

Service  oil  bath  alP^leaner  ' 

a.     Remove  <ving  nut  and  separate  parts-for  cleaning  (Figure  4) 
(NOTE:  Dispose  of  oW  Toil  propWrl^) 


If  ^  to 
carburetor 


4 


filter  element 


<ERJC 
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JOB  SHEET  #1 


,  body 


gasket 


locking%/in^nut 


•  FIGURE  4 


•b.  vFno^e  air  strainer  and  par-fs  in  clean^ 


(f\9$^e  5). 


^cleaning  solvent  '  ^  FIGURE  A 

c.'     Shake  exc^iv^  solvent  out  of'j^  air  strainer 

.  '••*CCAUTP0N:  Wear-eye  protection,  as  the  soluettt  ]j  hsrrrifvl 
to'  the  eyes.)     '  '  *       *    ^     "    ^  «  ' 

^  Sa^ur^aie.  the'air  stranger  gauze  Wi^h  ligf^t  oil  and  allow  excess 
*  *  ,\  'to* drip  off  '         ^        .  '  ^ 


ef^k-  walli^rt  and  grit  out  of^ower  cup  with  cjean  soWerit 

f.  "  "1=111  towpr  tup  to  correct  level  with  fr^sh  engine  oil  of  qcirrfect' 
type  for^  engine   *  • 


_   .    r  ^ 


lair 


g.  hace  units  together  and  install  wing' nut 

• '      .  -     ^*  V 

•  (I^TB;  Make  sure  gasket  is  in  place  between  the^r  sfVainer 
anch+ower  cup.)      •         '    ^  \ 

h.  Tighten  Wing  nut  securely  " 


■  52". 


JOB  SHEET  #1 


Clean  the  filter  body  and  cover  before  replacing 

Make  certain  the  air  clear^er  to  carburetor^gasket  is  In  good  condition  »and 
in  place,  replace  if  necessary  ^ 

Replace  the  air  ^cleaner  body      -  ? 

(NOTE:  Make  sure  the  air  cleaner  faces  in  the  correct  direction.  If  a  locating 
-»tang  or  lug  is  present,  make  sure  it  engages  properly.) 

Tighten  the  air  , cleaner  wing  nut  or  bolt  securely 

(t^OTE:  Avoid  overtightening  as  this  can  cause  carburetor  warpage  or 
improQer  operation^  of  the  choke.)  5^ 

Install  any  hoses  to  air  cleaner  as^reguired 


V 


523 


SE  -  1313 


.    FUEL  SYSTEMS 
UNIT  III 

^OB  SHEET  #2-REIVlOVE  AND  R£PLACE  A  CARBURETOR 

I.  Tools  and  materials  ^  •'' 

A.  Hand  tool  assortment  7  -  , 

B.  Tubing  wrenches  ^ 
&    Torque  wrench 

D.    Safety  glasses 

II.  Procedure  .  A    *  . 
A     Disconnect  and  ^ound  sp^  plug  wire 

'  ■ '       . '       \  /' 

B.  Remove  the  air  cleaner  *  Lr  . 

C.  *  Disconnect  the  iuel  liner  *     ^  - 


(NOTE:  Use  a  baplfup  wrench  to  ivpt^  twisting  the/fuel\me.  Use  a  Container 
to  catch  gas  dr^pings.)  '    -  ^  .  .    ^   ^   .  ^ 

D:  Disconnect  'the  tm^ottle  linkage 

E.  Disconnect  the  choke  contrc^  ca^  if  one  is^^Gsed*^ 

F.  Remove  the  ignition  grtMjnd  wire  if  one  js.u$^^»  Jft 

G.  Remove  the  nuts  ,or  b^ts  that  ti^ld  the  carburetor 

H.  Remove  the  carburetor   -  '  .        *    '  . 

(NOTE:  Some  throttle  linkages  can  only  be  removed  at  this  time;  be  careful 
'  not  to  bend  them  i«nd  tdSntify'  their  correct  mounting  location.)  . 

I.  ^     Remove  the  old  carburetor  ^j^-rTianifold  gasket 

J.     Clean  tKe  gasket  mounting  surface 

(NOTE:  Plug  the  manifold  opening  to  prevent  foreign  material  from  entering 
engirre.)      »    '       *      '  * 


k.    InsTaM  the  new  manifold' tCK  carburetor  gaske^ 
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JOB  SHEET  #2 

t  * 

-L'.     Place  the  carbureter  in  the  corri^ct  position  and  start  fasteners 

'  '      -  ^"  • 

(NOTE:  Some  carburetors  need  to  have  the  throttfe  linkage  connected  at 
this  time;  mount  the  linkage  fn  correct 'locations.) 

M.  ^  Tighten  and  torque  carburetor  fas^^ners 

"  N.    Repface  ^hrottle  Imkagenf  not  connected  before 

Q.    Connect  the  choke  linkage  ^  * 

P.     Connect  the  ignition  ground  wire  in  the  correct  position  -  ' 

Q.    Connect  the  fuel  line  to  the  carWretor 

(NOTE    Use  caution'  to  avoid  cross  threading.) 

R.  '  Tighten  the  TiJeyhne  securely  ' 

(AiOTE'  Use^^backup  wrench  to  avoid  fuel  linfe  twisting.)  ^ 

S.     Check  to'Jmake  sure  all  connections  and  accessories  arjo  secure 

T.    Start  >)ir^  engine  and  check  for  leaks^ 

(CA'UTIOKT-  A  loose  connection  or  unsecured  fuel  line  can  come  loose, 
break/or  leak.  If  this  happens,  fuel  will  l§ak  and  if  ignited  this  fuel  will 
^cause  a  dangerous  fire.  Be  correct  in  your  work.) 

U.    M^ke  idle  air  mixture  .-and  idle  speed  adjustments  as  required  by  engine 
rfianu^l  ,  '  .  . 
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\   ^K^^SHE*T^3--SERVICE  FLOAT  TYPJE  CARBURETQR 


I.    Tools  and  materials 


A.     Hand  tool^'aitoUcnent 
'l^flT'^Sbiitable  carburet^i^cleaning  fluid 
*C.     Parts  cleaning  basket 


D.    Safety  glasses 


\\,  Proceclure 

A.    DiSQ.Qnj)ect  an(^ground  spark  plug  wire 
.B.     Close  fuel  shut-off  ♦.valve 
C.     Disconnect  fuel  line 


D.  .  'Disconnect  throttle  and  choke  ca 


\ 


Disconnect  governor  linkage  , 

(NOT£:  It  is  Recommended  that  you  makef  a  sketch  of  the  linkages  and' 
their  positions  to  aid  reassembly.  See  Figure  1.)  ,  . 


governor Jever 
rgoveirnor  crank 
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JOB  SHEET  #3 


F.     Remove  the  darburetor 


(NOTE:  Some  models  have  a'breather  retum  hose  todis^nnect  See  Figure. 

2.)  -     -  '    ,  w 


case  breather  line 


FIGURE  2 


G.^  Remove  the  intake  vglve  plate  from  the  carburetor  on  some  two-cycle 
engines  (Figure  3) 


carburetor        reed  plate 


FIGURE  3 
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4  •  JOB  SHEET  #3 


H.    Check  throttle  sh&ft  bushing  Tor  wear  (Figure  4) 
f 

(NOTE:  Check  engine  manufacturer's  specifications.) 


throttle  shaft 


metal  block- 


feeler  gauge  V 


FIGUFfl!  4 


I.     Remove  and  check  the  condition  of  the  high  speed  and  idle  speed  need^ie 
valves  (Figure  5) 


damage  and  wear 
occur  here 


idle  mixture  needles  valve 


high  speed  needle  valve 


FIGURE  5 
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JOB  SblEET  #3 


J;     Remove  the, float  bowl  .  • 

(NOTE:  On  two  piece  carburetors  remove  the  main  fuel  nozzle  before  ' 
removing  float  bowl.  See  Figure  6.)  J  Z'^^'"^"  '  ^"^^v/ 


FIGURE  6 


main  fuel  nozzle 


-A 


K.     Remove  float  hinge  pin  and  remove  float 


/ 


r 


L.     Remove^float  valve  and  inspect  for  wear;  replace  if  a  groove  is  worn  in 
the  tapered  point  of  the  valve  < Figure  7) 


FIGURE  7 


replace  when  groove  Is  evident 


float  valve 


 CT^ 
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JOB  SHEET  #3 


M.    Inspect  the  floats  for 
1  /.    '  Worn  hinges 

2.  Fuel  m  metal  floats;  replace  if  you  feel  a  liquid  inside  the  float 

3.  Good  varnish  coating  on  corl^  floats;  replace  the  jloat  if  the 
varnish  is  pealing  or  has  been  pj^nched  (Figure  8) 


hinges 


metal  float 


FIGURE  8 


float  valve 


adjusting  tgb 


cork 


oat 


N.     Remove  all  gaskets  and/or  rubber  parts  on  vthe^carburetor 

0.  Place  all  the  carburetor  parts  except  the  gaslcets,  float,  and  rubber  parts 
ifl  a  cleaner  basR^t 

■    ".  -  V 

P.  Plj^e  the  basket  in  the  carburetor  cleaner  and  gently  move  rt  up  and  down 
to  circulate  the  cleaner  through  the  parts;  then  let  it  set  for  no  more  than 
thirty  minutes 

^^j^^^^Remove  the  basket  frorfi  the  cleaner 

R.     Rinse  the  parts  and  basket  thoroughly  with  water  \ 

S:    Dry  the  parts,  one  at  a  time,  with  compressed  air 

Jn  the  carburetor  body.) 


•  (NOTE:  Be  sure  to  i\ovj  out  -all  pasi 
T.     Replace  float  valve  and  float  m  the 


sa§eft>jn  th( 
carbureton 


body 


■A 
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.     -    JOB  SHEET  #3 

U.    Adjust  the  float  levei-byjiending  the  tab  and  measuring  correct  height  with 
'  a  steel  ruler  (Figure  9) 

*  FIGURE  9 


same  distance 


V     Check  distance  from  carburetor  to  float  top  for  proper  height  and  equal 
distance  on  horizootal  float  (Figure  10)- 


inlet'needl 


'   '  nlt!irt..liii,.i,..  l_ — aluliiiilm, 


FIGURE  10 
S 


5^^ 


0, 
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JOB  SHEET  #3 


W.    Check  distance  on  a  vertical  float  from  carburetor  top  to  top  of  float 

,  1 

(NOTE:  Float  should  be  true  vertical  to  the  carburetor  top  to  prevent 
interference  with  float  bowl  walls.  See  Figure  11.) 


FIGURE  1  V 


flodt  pin 


float  cover 


X. 
Y. 
z. 


Check  bottom  of  float  for  proper  clearance  in  relation  to  float  bowl 
Install  new  float  bowl  gasket  and  attach  bowl  to  carburetor  top 

i 

Install  idle  mixtuce  valve  and  screw  it  down  until  it  is  lightly  seated;  then 
back  it  out  approxrmately  two  turns 


(NOTE:  Install  the  main  fuel  nozzle  ot\  th'e  two^ece  carburetor.) 

4  «  » 

Install  the  high  speed  valve  and  screw  it  down  until  it  is  lightly  seated 
then  back  it  out  approximately  two  turns  . 


BB. 

CC. 

DDr 


(NOTE:  Steps  Y  and  Z  are  preliminary  adjustments  onlylan^  will  be 
completed  with  the  erigine  running,)  ^ 

Check  for  free  operation  oR^  throttle  jnd  choke  valva. 

Install  the  carburetor  on  the  engine  *  ^ 

Reconnect  the  governor  linkage  ^ccofding  to  the  diagram  sketched  eadie 
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^       '  JOB  SHEET  #3 

0 

EE,  Reconnect  throttle  and  choke  linkage 

FF.  Reconnect  fuel  line  '    ,  — 

GG,  Open  fuel  shut-off  valve  and  watch  float  bowl  area^of  the  carburetor  for 
fuel  leaks  *  t 

(NOTE:  Occasionallythe  float  valve  wilhget  contamination  in  it  that  will 
keep  it  from  shutting  off.  In  this  case,  a  few  light  taps  on  the  valve  area 
may  release  the  contamination  and  solve  the  problem.) 

HH.  Start  the  engine  and  operate  until  it  is  at  normal  operat^g  temperature. 

11.    Adjust  idle  speed  .  -  ^. 

JJ,    Adjust  the  idle  mixture  valve  to  the  highest"  and  smoothest  rpm  at  idle 
speed 

»  (NOTE:  It  may  be  necessary  to  reset  the  idle  ^speed  again.) 

KK;  Accelerate  the  engine         governor  controlled  rpm  and  adjust  high  speed 
•  valve  to  highest  and  smoothest  rpm 


SE 


FUEL  SYSTEMS 
UNIT  III 


JOB  SHEET  #4--REM0VE  AND  REP.LACE,  A  FUEL  PUMP 


2: 


fools  and  materials 


^  '-^V  Hand  tool  assortment 


B.  Torque  wrench 

C.  Shop  towels 

D.  pasket  sealer  .  -       ^  ^  ^  r 
'   E.  Safety  glasses  " 

Ih    Procedure  .  ^ 

  < 

A.  Disconnect  Snd  ground  spark  plug  wire 

B.  Shut-off  fuel  at  tank 

C»— -^Disconnect  fuel  lines  from  fuel  pump 

(NOTP.^Use  a  backup  wrench  and  a  tutjmg  wrench  if  available  to  avoid 
twisting  the  line.  See  Figure  1.) 

(CAUTION:  Do  not  allow  fuel  to  drop  as  this  wfli  cause  a  danger  of'fire.) 


FIGURE  1 


^   backup  wrench 

^       .     ^      .  r 


.JOB  ^EET  #4 


D. ;  flemoye  ^uel  pUpDf)  ,  ^ 


^  (l)4bT£}  Check  L^ation  oLfuel  pump  arm  so  it  can' be  retu; 


'E.   .Clean  fuel  pump-moanting  surface  on  engine 

F.  .:Coat  the  mounting  surfaces  of  the  fuel  p^mp  and  engine  with  gasket  sealer 

G.  Alqstal^  a  fl|i^  -mountmg  »gi|5|j£t  opf  the  pump 

tion  as  wher/pump  was* removed  (Figure 


H.     Install  pump  with  arm,  in  sa 


2) 


cam 


FIGURE  2 


-I 


TYPES  dff  AD  jliQ  CAM  ARRANGEMENTS 
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JOB  SHEET  #4 


I' 


Push  pump  invJi^d  until  the  mounting  flange  is  against  the  rnr^pl^g  paci"  , 
(Figure  3)  '    ■        '  ■ 

 '    '  :.  .  »- 


0  *  • 


,^FIGURE 


N 


-Jnstali  fasteners  and 'torqu^' to  specificatKnis 

(NOTE'  Do  not,  force  pump  ^by  using,  force  .^f  fasteners  to^puirl't  in. 


r 


Attach  the^fuel"  hnes  ^  * 

(NOTE  Be  sure  threads  arp  in  ahqnmer^t  and  ^irVger) st^rt  to  pr^ven^t  cross 
threading  )•       .        -  ^     *        ^  \ 

Tighten  fuei  lines  securely  .  * 

(NOTE    Use  two  vv^i;enches  to'pr^v^^  dsmaqe  "to  fuisl'l«r^s':^nd  fittm^D 

Turn  on  full  a*t--Tank  -         •  '  .  r''  '    - ' 

Start  ^ngine  arrd  J^treck  Tor  leaks,  rf  a  leak  ^appearS,  stopepgme  immediatelY 
and  repafr  '  \*        .    '  J  ' 


r: 


"tiean  up  work  area  and  retifrn  all  tools  • 


'Have  instructor'  inspect  your  work 
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JOB  SHEET  #5'-TEST  AND  SERV 


I.  T(X)I^  'and  materials 

•    *         •  # 

A.  ^  Hand  tool  asso/tmeat     •  ^ 

^   

B.  '  Container  to  catch  fuehip 

C.  Shop  '  tQweU  ^ 

D.  Safety  gla*sses 

II,  Proceclure  . 
.A.    Dlseonnect  and  ground  spark  plug,  wire 

'    B.    iJisconn^ct  fijel  tiri§  at  carburetor 


FUEL  PUMP 


(NOTE:  U§e  tv7o  tubing^- wrenches  to  prevent  damaging  fittings' and  fuel 
'lines.1  ^        '  •  •  • 

C,-.    Hold  a  small  container j^der  the  Tuel\line,to  tatch  fuel 


D.  '  Grank  the  engine 


•  •   •  •         *  w 

E..^  Fuel  should  flow  ^ouj^ strongly  .^d*  in  regular  squirts 

iNOTJ:  If  fuel  flow  is  we^k  Or  erratic,  check  the  fuel  lines  or  fuel  filter. 
^-    If  clear,'the  fuel. pump  should'be  replaced,) 


F.     Remove  pump  frftm  engir^e 


(NOTP-  Most' fuel  pjjmps  are'serviced  by  connplete  replacem 


J 
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JOB  SHEET  #5 


G.    Usiog  the  correct  repair  kitaryd  following  manufacturer's  repair  information 
m^jfuild  the  fuel  pump  (Figur^e  J  V  '  *  ^ 


FIGURE  1 


assembly  screw 
pump  c<?ver  ^ 


Dissassembled  N>iew     mb*ch  mark^^lC^^^'^^  gasket 

-    of  a  small  ^    valve  spring/if </P"r'P 
engine  fii%l  pump:^  , 


pump'  valve 


valve  r^lainer^l^valve  pHatI 


diaphragm 


mounting  gasket 


•  pump  bo^ 
match  nWf'k^ 

H.  Mark  the  pump  cover  and  body  with  a  file;  this,pre^/ents  reyersing'the  cover 

as  It  aoes  on  the  body 

I.  Replace  pump  -     .  ,     ^       ^  ^ 

J.     Clean  up  work  ared  and  •replace  tools  in  psoper  place 
K.     Have  mstructor  chfK:k  work        -  ^  ♦ 


FUEL  SYSTEMS  \ 
-UNIT  III  .     -  '. 


JOB  SHEET  #6--S£'RV ICE  .SEDIMENT  BOWL  FUEL  STRAINER- 


vTools  and^rlater!als  • 

A.  Hapd  tool  assortment' 

B,  *  -Solvent?  ^  ^  _ 

C:     Pan  for  cleaning-  parfiT'-y 

D.  Cleaning^  rags 

E.  New  gasket  for  glass*  bow 

F.  ,  Safep^  gi asses 
Procedure 


A  Disconnect  and*  ground  ^park  plug  wire 
B.^  Closej/uel  shut-off  valve   *  ^ 


C.  Loosen 


13^ 


nut  and  swing  the  wire  bail  to  one  side  (Figure  1) 


D     Remove  bowl  with  a  tvyisting  motion'  (figure  1) 

fuel  valve 

'  0 


FIGURE  1 


53fj 
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.JOB  &H€ET  #6 


E.  Remove  qasket  "(Figure  1)^  .    '        ^  / 

F.  Ren^dve  sjramer  (filtecj  bcreen-  (Figure  1), 

G.  Wash  the  scPBen  or  filter  element  '*        *  ^ 

H.  Clean  and  tlien  dry  sediment  bow)  '  I 

I.  Open,  fuel' valve  *and  drain  out  approximately ^ a  cup  of  fueJ..  (Figu--^*  2) 
(NCyn^  Collect  fuel  in  can  to  av6id  a  iire 'hazard.*)        *  • 


If  . 


drain  gasoline 


FIGURE  2' 


install  gasket,  strainer,- and  sedirrent  bowl.  (Figur^  3) 


strainer 


gasket 


figu^;e  3 


K.     Fill  the  sediment  bow*  before  ttahtening  the  jam  nut 

L.     Tighten  bowl  against  qasket  with  jam  hut  ^ 

l\A  '  Check  for  leaks  before  operat.r^'j  engine 

N      Reconnpct  spark  plug  wuf  to  ^\.,\^v  plug 

O     Operate  engine  for  a  fev%  mmutcs  and  re(;heck  for  leaks » 
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FUEL  SYSTEM 
UNIT  III 


TEST 


SE  .-  t4©-B- 


1.       Match  the  terms  on  the  right  to  ^e  correct  definitions. 


a.  'Correct   proportion   of  fuel   aod  air 
needed  for  good  combi*stion . ' 


b.  Restriction    in   the   c&rburetor  which 
makes  the  air  speed  up,  causing  a  high 
^acuum 

_c.   Breaking'  of  a  liquid  into  tiny  partjples 
or  globutes  to  aid  vapor  formation 

d.  Tube  in  a  stream  .of  air  inside  the  verituri 
which  creates  an  air  pattern  with  low 
pressure 'oh  one  side  "    *  . 

e.  Transferring  a  substance  into  a  gaseous 
siate  ^ 


State  the  ptitpose  of  t^e  fuel  system. 


1. 

Venturi 

2. 

Airfoil  , 

3. 

Atomization 

4. 

.Vaporization 

5. 

Metering 

List  the  three*  basic  tvpes  of  small  engine  fuel  supply  systems. 
'  a.  '  .  , 

b.  -  , 

List  the  purpose  of  each'.  '  the  .components  of  tne  fuei  system, 
a.     Fuel  tank-  . 


b.     Fuel  filter-- 


c.  Carburetor- 
*d.     Fuel  pump- 
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It. 
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9. 


10. 


r  . 

Match  the  carburetor,  systems  on  the  right  to  the  correct  statements  of  their, 
use. 


a.  Used  wheg  the  engine  is  called  upon  to 
suppfy  power  for  full,  partial,  or  no-load 
^various  operating  speeds 


b.  Used  to  control  the  speed  or  poVver  of 
an  engine  according  to  the  requirements 
of  the  job  it  is  to  perforrfi 

c.  Maintains  a  given  depth  of  fuel  in  the 
float  chamber 

* 

^d.  Provides  a  richer  mixture  for  cold  engine  ^ 
starling^and  operation 

e.  Provides  fuehdelivery  during  closed  or 
nearly  closed  throttle  operation 


.Demonstrate  the  ability  to: 


1. 
2. 
3. 
4. 


Float 
ChoRe 
High  speed 
.Idle  speed 


5.     ^  Throttle 


a. 
b. 
c. 
^d. 
e. 
f. 


Service  an  air  cleaner. 
Remove  and  replace  a 'cSfeuretor. 
Service  float  type  carburetor. 
Remove  apd  replace  a"  fuel  pump. 
Test  and  service'  a  fuel  pump. 
Service  45ediment  bowl  fuel  strainer. 


(NOTE:  If  these  activities  have  not  been  accomplished  prior  to  the  test,  ask 
your  instnjctfr  when  they  should  be  compleg^d.)  ,        *  ] 
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FUEL^YSTEMS" 
UNIT  III 


•ANSWERS  TO  TEST 


5  '  • 

b.  1  ■ 

c.  3  •      .         '  •  • 

d.  2  .  . 

e.  4 

The '-fuel  systenj  supplies  a  combtjstible  mixture  oKair  and  fuel  vapor  to  the 
engine  cylindef(s)  '      •  • 

a.  Gr*|vity  feed         .  - 

b.  StJction  feed       ^  •  .  ' 

c.  Pump  feed  ^  "  "       .  ^ 
a.  Fuel  tank-Acts  as  reser^ir  to  store  fuel  for^  engine  use  - 

bY  "f^Liel  filter-Prevents  dirt  or  foreign  matter  from  enterin^he  carburetor 

c.  Carb^etor- Automatical mixes  fuel  and  air  in  the  proper  proportion  for 
a  combustible  mixture  ^  ' 

d.  Fuel  purnp-Pumps  fuel  from  the  fuel  ,tank  to  the  carburetor 

e.  Fuel  line-Carries  fuel  from  the*  fuel  tank  to  the  carburetor"^ 

f.  Air  cleaner-Filters  grit  and  dust  fronn  the  air  entering  the  carburetor 

a.  Sediment  "bowl  ^  ^ 

b.  Filter'^ittached  to  the  end  of  flexible  fuel  ho5e  (in  tank) 

c.  fuel  tank  *  •  ' 
Description  should  includrf  « 

a.     Inlet  stroke  •  '  *  ^ 

1)  Diaphragm  flexes  ^own ward,  forming  a  vacuum 

2)  Inlet  icheck  valve  opens  *    .  '* 

3)  Fuel  i^s  drawn  into  pump  , 
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*b.     Outlet  stroke 

5 


.1)       Diaphragm  pushed  upward^  return  spring 
2)       Inlet  valve  forced^  shut 


3)       outlet  valve  -forced  open 

I  '  .9  . 


1 

4)       Fuel  is  forced 

out  of  pump 

7. 

a. 

Oil  bath 

b'. 

Paper  element 

c. 

Polyurethane 

A 

a  • 

FupI  inlpt 

^  b. 

Float  needle  seat 

—  c. 

Float  needle 

d. 

Float 

e. 

'  Nozzle 

f. 

*^acking  nut 

Needle  valve 

■   *  ■  / 

1  1 1 1  U III C    Veil  V  c 

1. 

Idle  \ra\\/e 

^  J. 

Venturi 

k. 

Choke  valve 

• 

9. 

^  a. 

3 

b. 

5 

c. 

f 

1  ' 

d. 

2 

% 

t 

e. 

4 

• 

^ 


10.   ^  Performance  skills  evaluated  to  the  satisfaction  of  the  ipstriJCtor 


Or 


GOVERNOR  SYSTEMS  %, 
•  UNIT  IV  , 

»    '    UNIt-'OBJECTIVE  *  .  . 

'After'compfetion  ,of  this  unit,  the  student  should  be  able  to^iist  purposes  of  the-governor  " 
system,  ahd  iqffentify  th& ^components  ^of  the''go\<ernor  system  The 'student  should  also 
demonstrate  the  abihty  to  adjust  and^  repair  the  governor  sy^em,  TItis  k'nowleddie  wjlT 
^efnoH^tration  and        srnnnn  einhtv-fiup  n(irr(>n^  r 


be  evidenced  thro'ug*^  demonstration  and       scormg  eighty-five  percent  on  the  unif  test/ 


s^i    '  ^ 


I 
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'IC  OBJECTIVES  • 

After  completian  of  this  upit,  the  student  should  be  able  to 

Match* terms  associat^  with  the  governor  system' to  the  correct  definitions. 

2      ,  Lisf'tfvee  purposes  of  the  gpA/ernor  system. 

*  3         List  two  types  (A  governor  systems.    *  ^         ^  * 

^  \  identjfy  the  compoTOnts  "Cf  the' governor  syst^^T  ;  ,      ^  .  * 

'^1^^  5.     •  Match  the  compone'nts  of-'tKe  governoi/systems  to  thefr  purposes. 

6        Demonstra-te  the  abihty  tq. 

^    ^     »  .     ^       a^    Inspect,  adjust,  and  re^^r  ^^n  air  vane .gpvernor.  /        .   ,  - 

^        "  .  *        *  A     •  'Inspect  and  ad^i^t  external  components  of  a  mechanigal  governor^ with 

'  '        internal  flyweights       .        >  *  *  ^ 


\c  '    Repair  internal  comiponents  of  .a  j^chanural  governor  with  internal 
flyweights  ^  •  *      .  ' 

^  .  •  ^  .    •  ^ 

d      Inspect,  adjust,  and  rejiair  a  centrifugal  govern^or  with  exterTfal  governor 
unit  .  ^ 
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'  •V^Ht^ERNOR  SYSTEMS 
'UNIT  IV  ' 


gqeSted  activities 


Instructor: 

A.  Provide  student  with  objective  sheet. 

B.  Provide  sti^ent  with  information  and  job  sheets. 
C     Makg  transparencies. 

« 

D^.  Discuss  unit  and  specific  objectives 
'E.'    Discus's  information  and  job-  sheets. 


F      Demonstrate  and 'discuss  the  procedures  ouTlined  m  the  job  sheets. 
>|>  G.    Provide  exampfes  of  both  types  of  governors.'  ,  \ 

-   '  .-"^  '  ^ '  '     -   '  ■ 

H.    .|-Ocat^  components  of  governor  systems  olWive  engmes. 


nSt   Give  test' 
II.  Student 

A.  objective  sheet.  , 

B.  Study  information  sheet. 


C.     Complete  job  sheets. 

.V 

Identify  components  of  governor  systl^s  on  live  engines. 


IMSTRUCTiONAL  MATERIALS 


Included  jn  this  uilft;: 

A.  'Objective  sheet 

B.  Information'  sheet 

C.  Transparency  masters 


A 


1  TM  1--Coriponents  of  an  Air  V^pe  Governor  System 

ft***  •  '  .  € 

2  TM  2--Compohent^  of  a  Mechanical  Governor  System 


Job  sheets     '  "   _  \ 


5  • 


1        Job  Sheet  #1.- Inspect,  Kdjust,  and  Repair  an  Air  Vane  Governor 


0 


'   \  2.'    '  Job  Sheet'  #2--lnspect  ^  arid  '  Adjust  Externai  Components  of  a 
MechanicaLGovernor  with  Internal  Fly\h/fei^hts 

.3.  Sheet  #3-'Repair  Internal  Components  of  a  Mechanical 

•  *    governor  with  Internal  Flyweights 

.  ^:  \    %  :  ^  • 

4.       Jab  Sheet  #4--lhspect.  Adjust,  and  Repair-a  Centrifugal  Governor 
With  External  Governor  Unit  , 

E.  Test    ^       _  ^^  ^ 

F.  Answers  to  tes^  '  ^       *  ^ 
References.  :       •  " 

A.    Small  Engines/  Volume  2.   Athens  Georgia:  American  Association  fop 
Voc3tional  Instructional  Materials,  1971.        •     ^  ^ 

B-    Small  Engmes^  Service  Man^al,  11th  Edition  Kansas  City, ^Missouri  Intertec 
Publishing  Corp.,  1976.  ^  - 


;  •  4 
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GOVERNOR  SYSTE-MS  •  .  • 

,         'UNtT  IV  ^  • 

,     '\  .      ,   INFO'RMATION  SflEET  '    '  ' 

I.  Terms         derinitions        *•        • , 

Av  Pneumatto-Moved  or  worked  by  aif"*  .  .  . 

B.  Centrifugal  forc^'  Actk^n-  that  tends  to- Impel  a.  thing  or  parts^  of  a  thing 
outward  iroln  a  center  of  rotation,  ^  ^   ,  -  . 

C.  Throttle '-Levpr    concroMmg   the   throttle   valve'  by   linkage   ar^d  sf)rvnjj 
adjustment  ♦*  *  \  ^         .  ' 

^tNOTE  Thelhro^ttie  controls  the  voluF^e  of  vaporized  fuehcharg^^elit'ered 
;    ^    '.'to  the  cylinder  )'  •  '  ^  .       s '       '      *  / 

^     Vane'^Thin  .flat  otTject  that  pivots  about  an  axis'by  a  flc?w  of  ♦air    '  ' 
.  .      ^  '         '       ^    '  /  ' 

,  ^E.     Linkage-Series  of  rodSr  yokes,  and  levers  use.d|  to  trapsmir  motion  fr9m 
/"    •     *pne  unit  to^^nother  '  *  ^     •  ' 

II.  •  Purposes  of  .t^ne^  gover^f^  system  '  *     *    '  — ^  ^  /  ,  , 

.A  ^  'IVamtaifn^     s^eed  sefectecT  by  operator         ,  '     *      .  ' 

*  •    B      prevents. ouerspeeding  that  may  cause  engine  .damage  ^ 

'    C.     Limits  Both  high  and  low  "speeds  ^  •  ,  '  , 

HI     Types  pf  governor  systems  (Transparencies'  1  and -21  '       ,  , 

>  #• 

A'>     Air  vane     ;  -  *  -  - 

'   \  . 

fNOTE  The  air  vane  system  operates  by  directing  the  air  frotn  the  flywheel 
against  the  air  vane.)  ,        ^  ^ 

B'    Mechanical  (centrtfugal)  ^   "  .  ' 

.(iMCTTE  The 'mechanical  system  operates  by  tfYs  use  oi  centrifugal  weights 
worktrrg  against  a  spring  )        •  .         .        ,  • 

IV     Components  <)f  The  governor  system  (Transparencies  "1  and  2)' 

•  A.  .  Air  vaneygovernor  ,      .        '  » 

«  .  •  ,  '  •  .  , 

•         '1    ,     Throttle  control 

2  ^v-'^^ontrol  snrmg  •  ,        -    -         /  -  ♦ 


> 


'  /       •       INFORMATION  SHEET 

\  • 

4       .TlitottFe  hnkage 

B.     Mechanical  (centrifg^ja!  governor)      .  .  «  "  .  '  ^ 

•  1         TlVott4*e  -^oatroi   •       s  '    *  -  ^ 

2  Ti^.ruriie"'  rod  .  .  ,*  *  ' 

3  T^rdt^e"  iinkaqe  '      *      ;       •  ^'    ^  • 

4  Contro'  sr^nnq 

'  5      ,  Gontro!  arpi  .  *  '  • 

S  ^  .    ,  • 

J     \  Tnrottie*  shalt    . ^ 

PuT^oses'  o'  esdi;  ccmnonent  of  the  governor  systfenT 

*  •      •  •         V , 

*  \l         Tnt^rtie  control  T-^egalates.  engine  speed    .  ,     •  .  - 

*  2  Cjnrro!  ^pring -Connection  betweert  throttle. control  and  throttle 
-  '     --^-.Vd       thrift;*  f  ^  ■  '  '      '  • 

OA      ^.ir'..an?c  Senses  air  movennent '  aT^^^p^rrs-^ur  closes  throttk' 

*  >  a         L^'^d^ie  Cohnects  air  vane^tt)  the  throttle  v^lv/e  shaft- 

b         Fiv^/'eel  Pr(>'ides  nneumatic  pressure  \n  relatioftsKip  ^o  engi^ne 
.   rpm  *    ,        .  «  -        •     >»    «^  \    '      '     '  * 

/       '  *  ■  ■ 

r       ■^hT)ttfe  cOfUroi  Regulates  engine  speed 
^  '  \    2         ThrofO^  rod'  Transfers  control  adfustnnents^tOkContrCt  spfing 
3  '      Throttle  l-nKage  Qonpects  Co/itroi,  af  nn  to  ^throttla^shaft 
Cor^trdi^:)rinn  RroVides  tension*  tcx  contrql  arm 

5  Control  <^'m  Tpansfers  fiy weight 'ac^on  to  throttle  link 
Flyweign^s  SensfS  engine  rpnn-^nd  controls  g6verrior  control  arm 

■  \ 
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.    COMPONENTS  OF  AN 
AIR  VAN£  GOVERNOR  SYSTEM 


^  THROTTLE  LINKAjjE 
.^'THROTTLE  CONTROL 


CONTROL 


AIR  VANE. 


^  FLYWHEEL 
VANE '  '  . 

HINGE  POINT 


\ERiC 


JlCl  1 


COMPONENTS  OF  A      ,  #; 
MECHANICAL  GOVERNOR  SYSTEM 


THROnlE  CONTROL 


Ilk  } 


./HROfrCi  ROD 


'flyweights 


Throttle 

SHAFTi, 


throttle 

LINKAGE 


CONTROL  SPRING 
CONTROL^RM 
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cbvERNOR  SYSTEM$r 


UNIT  IV 


JOB  SHEET  #1--iNSP£CT,  ADJUST,  AND  REPAIR  AN  AIR  VANE  GOVERNOR 


\.    Tools  and  materials 

A.  Hand  tool  assortment    ^  - 

B.  Tachometer 

r       '  ' 

r  4 

(NOTE-  A  vibration  tach  or  impulse  tach  may  be  used.)  ^ 

C.  Safety  glasses 

D.  Appropriate  service  maniiai  / 

.  IL    Procedure  .  -  '  ' 

^    A'.^    Rejnoye  breather  or  air  cleaner 

(NOTE  This  may  not  be  necessary  in  all  cases,  yet  it  usually  will  give 
i  better  view  of  linkage.) 

'    •  .  v 

B.  Remove  4D(ower  shroud 

C.  Check  the-ionditi^  of  the'Nhnkage  and  controllers  (Figure  1)^  ^ 

•»  '  (NOTE:  Look  for  bent  controX  rods,  stretched  sprmgs,  and  pivot  points 
where  bmding  may  occur.  ^Straighten,  •  fubncate  and  replace  parts  as 
necessary.)  *  - 


> 


FIGURE  1 


D.  '  ChecK  air  wane  for  freedom  of  movement  and  positioning  \ 

.    (NOTE:  Vane  should  be  parallel  td^e  crankshafji.  Replace  damaged  parts 
as  neetied.),  t        .    .        •  * 


Replace  blower;  shroud 


itB  SHEET  #1 


Check  to  $ee  if  throttle  valve  is  openj5>hile  engine  ts  not  running 

(NO^E:  If  valve  is  not  open  check  for  binding.  If  no  binds  exist  adjust 
spring  f&rfsion  until  valve^^s  open. '•See  Figure  2) 


FIGURE  2 


♦  i 


Replace  breather 


Fmd  eng'ne  recommended  speeds  tn  mahu^^ct)Jfer's  service  manual 
Start  engine  ^  ;  • 

Che(  k  engine  low  idie  speed  with  tachometer  while  throttle  cbntrol  is  in 
closed  position  (Figure  3) 


FIGURE  3  , 
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JOB  SHEET  #1 


(NOTE  Check  against  maQufacturer's  specifications.  Adjust  itlle  stop  screw 
at  carburet6f  if  youjs  reading  is  nc^t  consistent  with  manufacturer's 
specif^(!attons  See  Figure  4) 


FIGURE  4 


K   LC^eck  engine  high  idle  no  load  Sf^eed  with  tachometer  while  throttle  control 
IS  , fully  open 

^    (NOTE    Check  against  manufacturer's  specifications  If  engine  overspeeds 
^  or  surges  the  spring  is  too  tight   If  engine  will  not  come  up  to  speed,  sprmg 
is  too  loose    Adjtjst  to  manufacturer's  specifications  ) 

L      Shut  off  engine 

M     Have'  instructor  evaluate  work 


ERLC 
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GOVERNOR  SYSTEMS 
'\  UNIT  iV 


JOB  SHEET  #2  INSPECT  AND  ADJUST  EXTERNAL  COMPONENTS 
OF  A  MECHANICAL  GOVERNOR  WITH  INTERNAL  FLYWEIGHTS 


.    Tools  and  matferials  * 

A.     Hand  tool  assortment  » 

Tachometer'  .  -  • 

y^C.     Appropriate  service  manual 

-  \ 

'  D     Safety  glasses 
Procedure  * 

(NOTE  Before  dissassembhng  engines  to  repair  mterna!  flyweights  be  sure  that 
the  fuel  s,ystem  and  externa!  gbverhor  components  have  thoroughly  been 
irjspectdd  ) 

N 

Remove  breather  ^ 

(NOTE  This  maV  not  be  necessary  m  all  cases,  however  it  usually  wiH- 
give  a  better  view  of  imkage  ) 

B      Check  condition  of  Tinkage  and  controller^, 

V 

(NOTE    f-ook  for  bent  control  rods,  stretched  springs,  and  .^ivot  points 
where  bin^ 
necessar^y  } 


where   binding   may  occur    Straighten^^lubricate  and   replace  parts  as 

'  f 

C      Gheck  to  see  if  throttle  A/alve  is  open  whfle  engine  is  at  rest 
D     Adjust  throttle  to  open  position  if  necessary  (Figure  1) 

1  Loosen  screw  clamping  control  arm  to  governor  rod 

2  Turn  control  arm  u-ntil  carburetor-  throttle  is  in  wide  open  position 

(NOTE  Check  appropriate  service  marrual  for  direction ^  qf.. 
rotation  ) 

3  Turn  crank  on  governor  rod  counterclockwise  as  far  as  possible 

«,  •  "  • 

4  Tighten  screw  connecting  control  arm  to  governor  rod 


572-D 


JOB  SHEET  #2 


5        Checl^  Imkdge  for  freedom 

governor  adjusting  lever 


FIGURE  1 


governor  spring 


cam  gear 

governor  rod 


governor-gear* 


E      Find  recommended  engme  speeds  in  service  manuals        .  ^ 

F.  Replace  breather  or  air  cleaner 

G,  Start  engine    ^  ( 

H      Check  engir^e  low  idle  speed  with  tachon>eter  while  engine  throttle  ronrrof 
!S  in  closed  position  * 

iNOTE    Adjust  idle  stop  sypw  ^  carburetor  i^  idle  Sf^eed  does  not 
^orreSpond  with  manufacturer's  specification  )  ' 

\  ;  f 

I      'Check  engine  high  idle  no  load  with  tachometer  while  engine  control  level 
IS  in  full  throttle  position 

V  ^  - 

(NOTE  •  w  engine  overspeeds  or  surges,  spring  is  too  tighT*  If  engine*.,.  ! 
not  come  up  to  speed  the  spring  is  too  loos^  AdjustNo  manufacturer's 
specifications   Be  sure  carburetor  is  propejiy  adjustefc^)  ^ « 

J.     ^hut  *off  engine       \  "     *  '  *  '  * 

K      Have  instructor  evaluate  ^ork 


5o0 
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GOVERNOR  SYSTEMS 
UNIT  IV  . 


,JOB  SHEET  #3 --REPAIR  INTERNAL  COMPONENTS  OF  A  MECHANICAL 
»  GOVERNOR  WITH  INTERNAL  FLYWEIGHTS 


ERIC 


I.    Tools  and  ^materials     %  •     '  ' 

,  A.     Hand,  tool  assbrtfnent 

B     Oil  dram  pan       -  ^  ^ 

,  C.     Srtop  towels  •       V  '  ^ 

D.    J^resh  oil       *  -  ,     •  * 

E  Solverit 

F.     Parts  cleaning  brush 

ij.  "lA/ater  supply  and  hose  1 
H     Safety  glasses 
h!    Procedure    ^   "■  ■  '      .      *  - "       .  w 

A     Remove  engine  from  equipment  ' 

place  en^ne  oil  reservojr -dr^n  plug  over  drain  pan 
Remove  piDg  and  dr^n  oU  ^         '      .  ' 
(NOT^.  ^Qispose  of  used  ojl  properly.) 


B 
C. 


D 
E 

'F 
G 


\ 


Replace  plug    .    *  •  .  .  "  ' 

.   '         •  •» 

Clean  engine  exterior  with  solvent  and-  brush 

(NCfTE    Allow  solvent  to  penetrate  hard  ^posits.)   .  -  *  ^, 

Hose  offTolvent  and  *dirt 

Loosen  securing  bojt  an^isconnect  control  leyer  froiMovernor  rod  (Figure 

1) 


R&URE  1 


O  ^  X.  X 


JOB  SHEET  #3  ■ 


H.  R^ove  side 'housing  bolt^  .   ^       .       '  .  ' 

I.  Remove  gove^rnor  unit  .    \  ' 

(NOTE   frtterna!  governor  uQits  come  m  a  v.ariety  of  styles,  however  basic 
*  "  components  are  quite  similar   See  figures  2  and  3.) 


FIGURE  2 


J.     Check  g*Qverctor  unit  for'  wear  ar^  damage  (Figure  *4) 


Ipver 


thrust  washer 


FfGUJ?E4 


shaft  ^ — o.;^'^  "  -  \  "    I  housing 

.  -gear  ^ 

K.    "Replace  ddTna'ged^or  WQrn  parts  ^  # 

(NOTf'  Check  nhrustwa^hers  for' wear  or  damage^.)  '    '  L 

t      RemstaM  governol'  unit  on  the  housing  ^% 

-M.    Place  housing  back  on  the  engine  block 

f       '      r      -  '  '        .  ' 

(NOTE  .Replace  gasket  if  torn^r  damaged,  and  refer  to  appropriate  service 

manual  for  bolt  torque  specif ic«tion5.)  •       '      .  - 

•        *  _ 

N.  '^Install  the  Housing  'baits  *  j 

0.  '  Put  conJtro!  lever  on  gouarnpr  rod  -  '       .  , 


P  ^   Put  oil  in  engine  , 
■Q     Adjust  .fxtemat  componeictts 


\J    Kj  tx. 


'    *  \  GOVERNOR  SYST€1VIS 

.  "    .  UNIT  IV 

V-       ♦  I  .    "  ... 

JOb'^SHEET  #4:-INSPECT,  ' adjust'  AND'  REPAIR  A  CENTRIFICAL 
GOVERNOR  WITH  EXTERNAL  GOVERNOR  UNIT     -  < 


i.  ■  Tools  and  materials    ■     ^    -  '  ,.      (        /  ; 


A'.    Hand  tool  assortment 


B.  .  Flywheel  puller  , 

C.  FJywheel  -holder  - 

D.  ^FlVwheel  wrench 


E.     Solvent  -"^ 

F      Parts  cleanirrg  brush 


G.    Water  supply'  and*  hose  > 


H     Tachometer  ^ 
'l       Appropriate  5^rvice  r%anual 
.  J   -  ^^afety  glasses 
.  K   '  Gompfeaseci  air  , 
IL    Pl^cedure        '*|         *  ^ 

(NOTE  Thrs.i^s ^.general  job  sheet  for  engitvas  with  governor  unit  located  under 

4 


idll     Clean  engipe  w^tj^ solvent  and  brush'     ^  ,     *  ^ 

(NOTE.  Allow  -solvent  to  soak  tofig  ienough  tb  loosen  caked 'deposits.) 


B.     Hos8v  off -solvent 'and  dirt 


•   C     Dry  cpifipressed  air 

D.     Remov^  sf^ark  plug  wire  and  ground  it  tp  block 
..  E.  *  R^ijiove  blower^hfoud  -         '  "  ■  • 


'1760 


JOB  SHEET  J?-4 


F.  JfLoosen  flywheel  nut  -  .     *     '  . 

(NOTE-  tapping  a  breakover  wrench  with  a  mallet  will  often  break'it  loose.) 


G      Remove  fly^Vhee!  nut  ^  \  '  ^ 

""^NOTE'  Use  a  frywheel  holder  if  *hul  is  hard  to"  remove^.} 
Ha  'Remove  flywheel 

1.       Taoerecl  shaft  (f^igure  1) 


^  if 


(NOTE*  Start  flywheel' nut  on  shaft  and  gentl/tap  if  while-iifting 
on  flyvvheei  Use  a  lead  or  plastic  hammer  If  the  flyvVhejsl  does 
pot  bredk  loose  after  two  or  three  tries,  use  a,  pullerJ  * 


FIGURE  1 


V 


^  -0.  I 
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.JOB 'SHEET  #4 


2  "    ^ntapered  shaft  (Figures  2  and  3) 


(.NOTE  This  may  ret^uire  a  special  puHer,  refer  to  service  manual.) 


SPECIAL 
FLYWHEEL 
fPULLER. 


Insurict  linkages  and  control  ■  lever  clearances' _ 

'"JOTE    Refer  to^ppropriate  service  manual  for  exact  specifications.) 

insfioct  liC^veinqr  unit"  parts'^   '   ....     ._  „  --^ 


'\OTE    l?bok  for  points  of  wear.  Replace  damaged  or  worn  parts  Consult 

tiOi)^n\^r\'d^e  service  manual  for  exact  specific^ationsj  ^ 

6  '  ^ 

K      ^nshec*  Myvyhe^i  Yecess  ,  ^ 

i^\OTp*    Roughness  or  burrs  can  effect  operation  of  some  models.)  -* 
U     Check  throttle  position*      m        ■    ^    ^  \ 

While  engine  is  at  rest  <hrot3tie  should  be  in\full  open  positibn.) 
>i     A{f|i-is^  throstle  position  if  necessary  ^  •  ^  ' ' V 

'  {^OTg'.  ^efer  to  appropriate  ^Service  manuaLfiy^^act  prtK^e^^e^.) 
Ludf4cate  all^mpving  parts  T 


Replace  fiywheel* 

\  ... 

Replace  fl\Xwheel  nut 


(NOTE  Refer  to  appropriate  service^manual  for  torquing  specrrfications.) 
Q  ,  Replace 'blower  siproud  .       ^ji>  * 

R     Connect  spark  plug  wire  ^  *    '       '  Z' 


?•    '  '     '    '     JOB  .SHEET  #4*    .  ^ 

S      Find  recomme^nded  speed  m  servicfe  manual^ 
T     Start  engine 

U.    Ch'ecV  engine  low  ^Lnspeed  with -tachometer  while' throttle  Control  is  m  ' 
closed  position  '         '  .  ^  /  -     ,        .  / 

^   {NOTE:  'Check' a^a1(fc~nriarliifeclurer's  recommendations. TTthe  readingTs 
at)t  corisjstent  adjOsf  idle  ^top  screw*  at  carbtjretor.) 

v.    Check  ermine  hiyh  idle  no-load  speeb  with  tachorrjeter. while  throttle  tiontrol 
IS  in  ^tTll  open  position  ^     ^   -*  ,  -  , 

(NOTE.  Adjust  govei^r  spring  until  manufacturer's  specifications  are  m§t.) 
W.,    Turn  off  enqiV  " 

X.     Have  instructor  evaluate  work  % 


J  4 


/■ 


'J 
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•GOVERNOR  SYSTEMS 
'     ,   UNIT  IV      ■  .- 


•TEST. 


Matcf  the.  therms  on  -the  -right  to  the  correct  'definitions. 


a. 


Moved  or  wori/ed  by  aiV  • 

.-^  .'-  - : :  -  - 

 b'  Thin  flat  obje^ct  that  pivots  about»,an  axis 

by  a  flow  of  air 

c.  Series  of  rods,  yokes,  and^lev^/s  u$ed  to 
^         transmit   motion  *  from    one   unit  to 
another  '  '        *  / 

 d.  Action  that  tends  to  impel  a* thing  or 

^         parts  of  a, thing  outward  from  a  ceriterV 
of  rotation 

e.   Lever  ffPntroiling  the  throttle  vVve  by 
~  linkage  and  spring  adjustment    -  1 

List  three  purpose».pf  tb^-^vernor  system. 


U.  y  Linka^ 


2. 
3. 

5. 


Pne^mjtic 


Vane 


Centrifugal 
Throttle 


force 


(5t  two  tVpes  of  governor  system^ 


a. 


( " 
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5. 


I  V 


Match  the«  components  *of  *the  g^fnor  -systems  on  the.  right  to  their  cor 
purposes    ^  ,^       *  ,  '  •  \  ^ 


Air  vilne  *  ,  '  -  ' 

 ^1  )^  Connection      between  ^  throttle 

control  and  throttle 


live'  shaft 

^2)  Connects  au-  v^e-  the^  throttW 
*     vaive  shaft  '   

_3)  Provfdes    pneumatic    pressure  in 
relationship  to  engine  rpm      '  * 

__4)  $enses  air^  movement  and  op'ens  or 
closes  thrpttle 

_5)  Regulates  engine  spe^d-y^ 


a)  ^Coatroi  sg^hg  ^ 
\         Fly^A/h/eel    |'  ^ 

c)  '  Linkage 

d)  »  Air  vane 

e)  -  Throttle  control 


b ,  Mechanical 


1)  Transfers   control  -  adjustments  to 
control  3pring  •  ^ 

2)  Provides"" tension       controj  arm 

3)  Senses  engine   rpm  and  controjs  ^.^ 
governor  contro<  arm  '  -  * 

4[  Regulates  engine  5pjeed' 


5i  ConJbct5  .control  arm"  to  throttle 
^  #  shaft 


a)  Rlyvyeights 

C'O^trol  arm  •  « 

c)  ,  C9ntrol  spring 

d)  Throttle  linkage 
ej     Throttle  r^d* 

f)     Throttle  control 


it  /cl 


6)  Transfers     flyweight     fiction  to 
throttle  link'      "      .  ^ 


Demonstrate  the  ability  tb         .  -  .  ;  *  .  - 

a      Tnspect.  adjust,  and  , repair  afi  air  vai^e  .governor.^     '  ^. 

b.'     In^p,ect  .and  adjust  external  cornponentS'  of  "3  mechanical  governc^r  with 
.  internal  flyweights,  -     .  , 

c  .  •  Bepair   internal'  components   of'  a   mecKaniCal  •governor   with  idterna) 
,  '  /flyweights  ' 

cj.,    Insfject,  adjTist,  and  repair  a  centrifugal  j^overnor  with'externat  governor 
'  'unit  /  .  ^  \  '     v.,  *  .   ,  ^  ^ 

•  (C^fjOTE     If  these  activities  have  not  been  ac(!bmplished  prior  to  tl^-test, 
dsk'your  rhjskuctor  when  they  should  be  completed  ),  •    .  * 


•  J 
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0  GOVERNOR  SYST^S 
UNIT  III  '* 


..  1. 


ERIC 


ANSWERS  TO  TEST  ' 


d .  2 


d  ^  4 

— 

e  5 


1 


a      MaiPtaias  a  S[)eeci  selected  by  operator 


Prevents  overspeeding^  that  may  cause  engme  .damage 
c      L-nr.^its  botn  ^^iqh  a^^d  speeds 

-      ThrMttjp  control  ^ 
b     ^^i^ottie  linkage 


c     "Afr  van'^^' 

'e      Control  spring 
""f       Throttle  control 


b 


.  1) 

2) 

5) 
U 
2) 


a 

c 
b 
d 


1 

4. 


5  / 1  • 


g  Throttle  shaft 

h  Throttle  linkage 

\  Control  sprmg 
t     -  ^ 

]  *  Control  arrVi 

k  Fl^^weights 

i  Throttle  rod* 
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EXHAUST'  SYSTEM 
UNii;  V 


UNIT  OBJECTIVE 


After/can^pietion  of  this  unit,  the  student  should  be  able  to  list^purposes  of  the  exhaust 
sysrten^,  select  .type?  of  exh3u^t/ systems;  and  perform  main^tenance 'procedures  on- the  ( 
4||||^;st  syjtem  ^Itys  knowledge  Wl I  'be.^tdenced.^lhj:QU.gb  .demon&trauon  aad  by  -sconag  L 
^JP/-five  percent  oh  the  jjnit  test  • 


j3  ^  •  SPECIfIC  OBJ^TIVES  ^ 

Afti^r  cornpletion  of  this,  unit,  the  student  should  be  able  to." 

1  Match  terms  associated  with  the  exhaust  system  to  the^correct  definitions 

2  List, four  purposes  of  the  exhaust  system 


4 
5: 
6 


-  List  two  results  that  can  occur  from  running  a  worn  or^.dccnaged  exhaust 
system.  _     •  .  ,  • 

* 

Select  the  types  o,f  exhaust  systems.  '  . 


State  the*  danger  of  operating  an  engine  in  a  closed  shop 


Demorjstrate  the  abilit'y'to  remove,  service,  and  replace  two  cycle  exhaust 
.system^  componQjj^ 
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EXHAUST  SYSTEM 
UNIT  V 


•  SUGGESTED.ACTIVITIES  '  • 

-  1    A,  ^Provide  student  )A/ith  obfer.tive  sheet.   J  _      ^  i  J,  s^irrrl  

B.  Provide*  student  with  information  and  job  sheets, 

C.  Discus?  unit  and^ .specific  objectives. 

D.  Discuss  information  sheet.  '  ,  r 

E.  Demonstrate  and  discuss  the  procedure  outlined  in  the  job  ^heet. 
.F.     Discuss  variations  in  exhaust  systems.  . 

^'  ' 

^  G.    Give  test.  *  '     •  ' 

11.    Student:  '         -    .  .  '  • 

A.     Read  objective  sheet. 
B     Study  information 'sheet. 
^,  '         "0.     Corrftalete  job  sheet, 
D.    Take  tes 


INSTRUCTIONAL  MAIEFH,>U-S  ' 

/'   y      ;      I.    Included  in  tfais  unif   '  /  '/\-' i        -  ' 


A.  '  Objective  sheet       '  -'V  ' 


r        B. '   Information  sheet       /  ;  .     .       t  •  ^ 

C.     Job  Sh«et  #1'  Remove,  Service,  and  Refblace  Two  Cycle  Exhaust  "Systetf 
^  '  Components       .  .     ,  '       '  | 

^0.    Test  •  S       '      L''  *' 


9 

E/    Answers  to  test 


4 


II.    Reference"5/7?a//  Engines,  S/olume  I.  Athens,  Georgia:  American;A$scJCTaticn  for 
^       '  Vocational,  ihsti^ctional  MateVials/ 1971  .•  .  -  ^ 


E-XHAUST  SY^EM 
.  U1\IT 

i 

INFORMATION  SHEET 


.# 


i 

*k       '     I     -Termi.  and  defif^itinn^  ^  ,p 

A.       ft.  A:   ^Exhaust  vafve  V^^i^/e  'J^/hicb  s^als  burnmq  qases^-w4th-^n  until -ns- 

'pnerqy*iias  been  exf)en('ieci,  then  ^f)ens  so  the  cyimtieT  car%  clear 

8      Exhaust  rnanitotd--Recpives  arKi  CcVnes  away  burned  gases         •  *  • 

C      Exhaust '  oipe-Pipe  connectirig  exhaust  manifold  to  nnuffler 
•  •  • 

'  ^        f)      Muffler -Cdrnes  ^wav  exhaust  gases  and  he3ft,.^d  muffles  engine  noise 

E      Tail    pmo-  Pi.op    fron^i   nnuffler   that   carries  ^exhaust  fumes  away  from 
equipment  '  •  . 

^  F  -  Exhaust  uor*,  -Hoip  m  cyhnder  wail  th^t  allows  e^aust  qasej  to  escape 

il     Pur-ooses  bf^  exhaust  system  '  »  "  ^ 

A  '    Removes  T^eat  .  ,       ^    "      •  . 


B'y  -  luffjes  enginp,  sounds 
C      Carnls  avvay  Ipurned^and  un burned  gases 
D     Act^as  scavencier 
IN-    Results  ^^bm  runn/ng.  a  worn  or  damaged  exhaust  system 
)      '     )     ■  :  .  J  A       Loss  \  of  po^r-yPT  ^   \  ^  \  * 

'V     '  '\  ^  N'  N%  ■  ^  ^  '    PossiV/e  enqiP^  cian^aqg  ^^  -  -  * 

^'iv     Tyoes  of  exhaust  systems  '    -  .  . 

A      StraiqhJ*  thrgugh  ^  ^ 

B     'Reverse  flow 


C      Expansion  chamber 


-  ^         ^  '  V     Of)prat^ng  ^  engine  in  a  closed  shop  -Exhaust  gases  cornain  cariion  monoxide, 

'  \  a.  deadiy  poison 


(NOTE^  E'uiinrs  shoulri  not  be  ofjorarprl  in  a^closed  slpob,  proper  ventilation 
sh(;uld  [)p  us^'^d*  for  ru'Jininq  enqinps  )  -  •  , 
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E}<HAUST  SYSTEM 
UNIT  V- 


JOB  SHEET  #1--REM0VE,  SERVICE,  AND  REPLACE  TWO  CYCtt 
eXHAUST-  SYSTEM  COMPON^feNTS^ 


I     Tools  and  materials 

A.  '  Hand  "toot  assortment  ^ 


B.  .  Hardwood  scraper 

C.  Carbon  solvent      ^  / 

K 

D     Compressed  air 

E      Safety  glasses  ^  *  • 

Procedure  * 

K 

A     Remove  muffler  and  any  mountmg  gaskets  {F.i«)ure  1). 


4 


m 


uffter 


^  ,Ji;^i^lli';;;'^ exhaust  po/ts. 


FIGURE  1 

Removal  of  muffler  ^ 
to  inspect  exhaust  ports  ot 
^  a  two-stroke  cycle  engine 


B.     Rot^ate  crankshaft  until  piston  covers  exhaus\  ports 


I'  . 


JOB  SHEET  #1 


Usihg  the  wood  scraper  rembve  ctirDon  from  ports  (Figure  2) 


y  ■ 


(NOTt  •  Do  not  use. a  fi^etal  scraper  as  this  will  scratch  the  piston  or  damage 
the  exkTaust  port  edges).  *      i  ! 


Use  d  hardwood  scfoper 
to-  remote  ccfrbon.  from 
the  exhaust  ports 


Hold. engine  with  port  down  so  carbon  wilt  fail  oJt  ^ 


Blow  out  th8L  ports  "with  compresse^air . 

Soak  mufflerfin  solvent  to  remove  carbon  deposits 


(NOTE-  A  screwdriver  or* scraper  may  be  used  on  large  deposits.  See  Figii#^ 
3.)  ^  *  -  ^      .      ^  • 


.  FIGURE  3 
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\  •  JOB  SHEET  #1 


\ 


\ 


t 


*Gi.    Wash  muffler  with  warm  water  .  ' 

H.    Reinstall  muffler  usjng  new  gaskets -where' needed  •  • 

* ' 

(NOTE;  When  insfelling  mufflers  on  ,four  cycle  engines,  use  a  locknut  to 
prevent  seizing  of  the  muffler  in  the  block.  Discard  darnaged  oV  worn  out 
•  system  components^  Use  anti-seize  compound  on'bolts.).  '  * 

W     Have  instructor  evaluate  work 


EXHAUST  SYSTEM 
UNIT  V 


NAME 


TEST 


/ 

Match  the  terms  on  the  right  to  the  correct  definitfons, 

^1. 


a.  'Valve  whicH  seals  burnmg  gases  within 

cylinde'r  until  its  energy  hSs  been 
ex^ended^  then  opens*  so  the  cylinder 
can  clear      '  •  ^ 

b.  Receives  and  carries  away  buxned  gases 


c.  Pipe,  connecting  ^exhaust  manifold  to* 
muffler 

d.  Carries  a^^^ay  ex^aust  gases  and^heat,  ar)& 
muffle^  engine  ^noise 

_e    Pipe  from  muffler  that  carries  exhaust 
fumes  away  from  equipment 

]  '/^     ■   '  ' 

f>  Hole  in  cyf^nder  wall  that  allows  exhausf 
gases  to  esdi^pe 


Lisf  four  purposes  of  the  exhaust  system. 
"a.      -         ■  • 

b. 

c. 


'2. 
3. 
4. 
5. 
6. 


Exhaust 
'  manifold 

.^Muffler 

\  Taikpipe 

Exhaust  pipe 

Exhaust  port 

Exhaust  ^ 
vaiye 


List  two  resufts  \\\aX  can  occur  from  runnmg  a  worn  or  damag^d  exhaust  system 


a. 


'Select  the  type?  of  exhaust  systems  by  placing  an  "X"  in  thig  appropriate  blanks 

< 

 'a.  Diagonal  flow-         »  *^ 


b.  Straight  through       .  . 

c.  Looped  flow  \ 

d.  Expan^on  chamber         ^  * 

e.  Reverse  flow 


\ 


196-D 


State  the  danger  oif  operating  an  engine  in  a  cipsed  shop. 


\ 


6.  '     bembnstrate  the  ability  ^to  remove,  service,  and  replace  two  cycle  exhaust  system    .  ^ 
cofriponents.  ^ 

(NOTE:  If  this  activJty  has  not  been  accomplished  prior  tp  the  test,  ask  your  ^. 
'  instructor  wlien  'it  should  be  completed.) 
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EXHAUST  SYSTEM 
UNIT  V 


■  ,  ANSWERS  TO  TEST 

a      6  •        d.'     2      *"      •  "■  • 

b.     1         .  e'.  3 

I 

\ 

c      4  f.  6 

a      Removes  heat 

b.     Muffles  entwine  sounds 

c      Carries  away  burned  and  unburned  gases  • 

ci      Acts  as  scavenger 
■ 

a      Loss  of  power  -  r  ^ 

b      Possible  engine  damage- 

"^h  d,  e  '   •  \    ,  ^ 

ExhdList 'aases  contain  carbon  monoxide,  a  deadly  poison 

fl^rformance  .skills  evaluated  ^o.  the  satisfaction  of  the  instructor 

i 


\ 


/ 


*  s 


OO'J  "  \^ 
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TffCUBLESHOOTlNG 
UNIT  VI 


UNIT  OBJECTIVE 


After  cdmpjetion  of  this  unit,  tPfe  student  shouJd  be  able  to  troubles^oot'engine  probleicts, 
*  *    Ths  knowledge  will  be  evidenced  through  demor^tration  and  by  scoring  eighty-fiye  percent^ 
,  \J     on  the  unit  test.    ^    *  • 

SPEGIFIC  OBJECTIVES  '  . 

jf       After  completion  of  this  unit,  the  student  should  be  able  to 
,^  \         DeflfVie  troubleshooting.  ^ 

*   2.        Select  requirements  tor  an  engine  to  run.  » 

3  List  seven  basic  troubleshoo^ng  procedures. 

4  Discuss  the  importance  of  urrderstandwig  troubleshooting  procedures'. 
,  '   5         Demonstrate  the  ability  to  troubleshoot  an  engine  problem 


■  TROUBLESHOOTIIMG 
"UNIT  VI 


SUGGESTED  ACTIVITHES 


SE  -  -201  D 


I  •    Instructor.-   -  • '   •  , 

A.  .  Provide  student  with  objective  sheet. 

B.  Provide  student  with  info/mation  and  job  ^sheets. 


C      Discuss  unit  and 'specific  objeflives. 
D     Discuss  information  and  job  sheets. 
E      Show  students  exan^iples  of  troubleshooting  charts  from  service  manuals, 
F      Discuss  troubleshooting  charts  ' 

G      Invite  a  f)dtential  employer  to  discuss  importance  of  sound  trqubleshooting 
tecViniques 

H    _Tdke  students  on  field  trip  to  vis'it  shop  and  observe  ijroubleshooting 
techrliques 


1 


I       Give  test 
Student 

A     Read  objjeifeiive  sheet 


B  .  Stucly  ^formation  sheet 


— ^ 

C      Com()lete  job  sheetao 

'  S  ^     .  •  ' 

D  ^ake  'test 

A 

INSTRUCTIONAL  MATERIALS  n 


V 

IncludecJ  in  thi^  unit, 
A  • '  Objective  sheet  * 


c 

D:  Jejt 


(rifcjrmation  sheet '   '  • 

•  •   •  L 

,Jo*b  Sheet  #1  Trouble^hoot  an'  En^iney^ 


rbblem 


(wers  to  test 


O  o  /V 


*:   ,20?  D 


V 


Tl.  References 


A  *  Hydt-auUcs   Mdlfne,  Jliinois'  Peere -^njj  'Company,  1972  -  ' 
.  *    B     dvlton's  Motorcycle  Troubleshodfffjg  Guuh^ 'Radnor ;Pehm^\\jar\*\a  €hfUon 


f 


r 
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"    TROUBLESHOOTING  , 

UNIT  VI  •  A. 


\ 


INFORiyiATtON  SHEET  ' 

Troublesht)'Qting--Troubteshooting  Ts  th^  systematic  'diBgrltSsis  of  engine 
malfunctions  .  '         '        .  .  » 


Requirements  for  an  engine  to  run 
A-  Congpression 

B      ^gnitioh        •  '  ,    .  /     '  * 

C  Carburetion* 

« 

(NOTE  Troubleshooting  involves  checking  foi  the  presence  of  these  things* 
plus  thei-r-  timing  as  they  enter  the  cylinder  ) 

Basic  troubleshooting  procedures 

•  ... 
A     Know  the  engine'         '  -  *  •  *  ^  ^ 

V  .  J 

(NOTE.  Thi,s»may  involve  the  study  of  an  engine's  Service  manual  if  you 

are  not  already  familiar  with  its  design  features  A  good  service  pefson  keeps 
-    *up  with  the  latest  service  bulletins) 

.•B      Ask  the  operator  ,  |  -  '  ,  \  ' 

fNOTE  Ask  the  operator  how.  when  and  where. the^roblem  occurs  or 
first  started.  Usu'ally  there  will  be  some  symptoms  that  lead  to  the 
troubleshooting  problem.)         -    :  ^ 

*  • 

C      Inspect  the  engine  ,  -  .  ' 

(NOJE/  Check*oil  level,  fuel  level,  and  ceolant' level  if  equippeti.  Look 
for  clogged  breathers  and' fuel 'system *venf  caps,  loose  hoses,  manifoldjand 
wire  connections  '  while  ins(7ecting.)'  *  v 

D\    Operate  the  engine  if  possible  *         *  '  * 

,  »      .  -  »  •  . 

(NOTE.  Listen'to  the'sounds  \i  makes  while  running  as  well  as  looking 
\for  erratic*  betiavior.  oil  leaks,  or 'unusual  emissions)     •     '     "     n  ' 

k^ist  possible  causes  *  #  . 

(NOTE    Pi/It  riown  all  the^  symptoms  and  visible  possibilities.) 

Foknulate  a  conclusion  .      *     "  • 

(NOuE  Remember  when  •looking  at  the  list  of  possible  c^ses  that^orre 
faiiulie'  ofteb  leads  to  or  indicates  another  problem,) 


•     ^    INFORMATION  SHEET 


G    .Test  'Conclubion  *     ^  •  \    .  \: 

(NOTE'  Bofu.re-  you  start  repairmg  the  engine,  analyze  the  inforhiation  you 
have  and  test  your  v^unclusion 'if'po^sibte  Be  a  troubleshootJBr,  not  a  hit 
.  •  •  and  miss  yerson  )  ^  '  \   '       *       '  ' 

In-ipbrtancp       uncierstdficimfj  troubleshooting  procedures 

A  '  ScJves  customer's  money      '       *     ^    ^  '  ^    .  /      .  ' 

iNOTE  Tht'  d4ternative  to  troubleshooting  is  parts  exchanging.  If  you  don't 
suive  ^Ire  prJbtern  un  ffrs;  or  second  exch^nge-it  gets  expensive) 


if^surf-^.  a  better  repair  job  ^'  ' 

1  Tut3^  wstoQ'  .or  engine  is  observed 

'    "  ■     /  . 

(ht)TE    Thi;  provides  more  ■opportunity  to.  find  weak  or  failing 

P>irts  •) 

•  •  *  '  * 

2  ^    -Better  ouerdtma  dependability 

(^]01^E•  Jhorouqh"'tf  oubleshoottng  provides  ?ar  the|dentff ication 
'    .-.f  orobierns  wfiich  may  (finder  proper  engine  operations  m  the 
Tutuie  I   ^  • '  •  , 

>       *      *  •  *  - 

C      ^7akes  eoipiovees 'mare  voluabSe  •      •  '  ^ 

]         Goo^i'  secvlcp  'means  contmuacJ  business  v^tl^  present  customers 
fjliis  the  drawing  of  nev^/- 'c^/stomers 


2.        Le^ss  work  \s  r'^turhetj . . 


-A 


♦  • 
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TROUBtESHOOTiNG'  . 
•  •  •.  *  ,  UNIT  VI  .  . 

•  JtiB  SHEET  #l'-TRj^BLESHOOT  AN  ENGINE  PROBLEM 


V 


(NOTE:   This   is  a  general  job  sheet  desigfied  /to  *provicle  pjactice  in  using  sound  • 
,y       •  '     '  troubleshooting  procedures.)  •    .  ^    ^  •  ' 

•  I.    Tools  and  materials      ^  '    .  '  ^ 

'  .    '  /      A.    ^asic  hend  tool  ••assortmenj:  .        .  \    ^     ^  m 

w     /     ^     \        .     '  •       '    .  ^; 

B.  /appropriate  service  manual  *  •       .       '  - 

-  • '  ■     -     ^  -  '  .  •    •  '  ;  I 

C.  Safety  glasses-       ^     '  '     ,  '  / 

*  M     Procedure  '  -  ^  •  < 
A.     Fami^ari^e  yourself  with  the  engine  •                ^  •  ^ 

,    ^        1.    ^  Secure,  appropr I ate^ service  manuals  *  , 

2.       ^ey\e\N  current  service  bufletins-;  '      *  • 

B     Ask  the  operator  about  the  engine's  ^)erformance      ^        ^  . 

l.'j^^   -Ask  about  performance  prior  to  the'pftoblem  .  '  - 

2  AsH<:  about  problem  Symptoms  -        ^  ^ 

*•  .        ,  *  

3  Inquire  about'  maintenance  procedures      '  a  • 
4.      .  I'riquire  about*  how  engirre  is  used                .  '  » 

Inspect  the  engine        '  •  . 


/ 


1.  v  ' Check  of|*  revels  ^     •  >^ 

rictionj 

T 

rsyste 


^5  2.        Look  for  intaJ<e-restr1ctions 


3, '     Check'  for  fci|jlty  fuersysti^m. 
,  ^  Check  9II  ht)sei  to  be  sur^  th«fV^re  secure 

D  *  Operate,  tfte  engine  if  possible  * 

1.  Listen  for  unusuat  sounds 

2.  Look  for  abnormal  ^Tssf^^ 
3        Look  for  leaks  ' 


ERiC 


A, 


«       '      •  JOB  SHEET  #1    .  .        •     .  - 

List  pb^sible  problem  causes-   »       '  ;/ 

(NOTE,:  Use  your  knowledge  of  the  engine  plus  infornnation  received  fi'ora 
the  troubleshooting  -techniques  used  to  this  point.) 

, , -«        -  ,  *  *  ' 

-  Formufate  a  conclusion-.      -      ^  \      ^         .     .    ^  , 

1.  Re>7iew  list  of  probable  causes  '  ^  * 

2.  Select  cause  ,  • 

Test^  conclusion  '     ,   ,  ^  -  ' 

(NK)TE:  'tesf^he  conclusion  you  have, reached  ^before  repairing  engine  if 
possible  )  »  ^  • .  .  ^ 
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'  •  TROUe.LESHOOTING 
^  /     .  UNIT.  Vi 


•  -  * 


....  res.-^"' 

.1,       Define  trdbbleshooting:  '       ^.1  * 


2.  *  •  Select  requirements  for  an  gngine  to  run  by  placing  an  "X'Mn  the  app'ropriate  *  ; 
blanks;  ,  .  •    -  /  - 


f 


a.  ignition  *    •  ,  '  ^  *      .       /  ^ 

b.  Speed  *    •       '  ' 


_c.  Compression   *         #     ■ ,  . 

d.  Carburetion  • 

_e.  Centrifuga>  force  ^ 

f.  Pultey  • 


'4 


3r*    ^LiiX  seven  basic  troubleshooting  procedures.  *  ^ 

b.  -  *    '  '       •      .  \- 


c         .  .      •  .  -* 


f.  \  '   ^         *  •  •  V.  ^  •  '^ 


3 


r 


5S8 


208-15  i  : 


i 


4.       Discus?* the  importance  of  understanding  troubleshooting.  proce(Jur6s. 


b,^     Demonstrate  the  ab<lity  ta  troubleshoot  an  engine  problem,  •*         "  , 

/  (NOTE:  if  this  activity  has, not  been  accomplished  prior  to.  the  test,  ask  your 
w.'-4fc^  instructor  when-it  ^ould  be  completed.),  .  • 
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'TRGUBLESHOpTiNG 
.  ,UNIT  VI  %\ 

t 

AN.SWERS  TO  TEST 

Trqubleshooting  is  the  systematic  diagnosis  of  engine  malfunctions 
a,  c,  6^  •  '  '   '    '  ^ 

a      Know  the  engine  .  * 

I)    ^  Ask  the' operitor  ^         .  - 

c      Inspect  the  engine  W 
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d      Operate  the  engine  if  possi^ble 

r  ' 

e      List  possible  causes       .       -  . 
f      Formulate  ar  conclusion 

g      Test  conclusion  ^  '  '  '  '  " 

Discussion  -should  include, 
a      S^ves  customers  money 
b     jnsures  a  better  r^air'job 

1)  Total  system- or  engine  is  observed 
2^       Better  operating  dependability 

c      Makes  employees  more  valuable 

^    1)       (j?od  service  means  continued  busin.ess  with  present- customers 
"plus  the  drawing  of  new  customers 

2)  Less  wo  Hi?  is  returned  '  .  •     ^  ^ 
Performance  skill  evaluated  to  the  satisfaction^  of  thQ  instructor 


\ 


■  5'Jb 


OVEBHAUL  FOUR  STROKE  CYCUE  ENGINE  , 

*'     ■         '        *  UNIT  OBJECTIVE^  -  )  '} 

•After  completipn  of  this  unit,  the  student  should  be  able  to  disassemrble  and  reassemble 
a  foy«6troke  cycle  engme  anci  inspect  and  service  the  cylinder,  piston,  rings,  connecting 
rod,  ♦ankshaft  assembly,  and  valve  tram.  This,  knowledge  will  be  evidenced  through 
demonstration  and  by  scoring  eighty-five  percent  on  the  unit  test.  - 

» 

X      ■  -  SPECII^fC  OBJECTIVE? 

After  completion  of  this  .unit,  the  student  sTiould  be  able  to* 

1  Match  terms  associat^tj  with  overhaul  of  a  four-stoke  cycle  engme  to  the 
•  ^          correct  definitions  -         v^.  *  , 

2  ,     List  five  causes  of  enjine^'problems.  ^ 

3  Identify  the  parts  of  the  piston  and  connecting  rod  assembly 

 ^    4.        Identify  the'parts  of  the  crankshaft  assembly. 

♦  ,  * 

5.        Identify  the  parts  of  a  multi-piece  crankshaft  assembly.       .  ' 

"  / 

6        Identify  the  parts  of  the  valve  t^in  '  <  •  *  - 

7.        Demonstrate  the  ability  to'        *         *      ,       .  \ 

a      Disassemble  a  four^troke  cycle  engme.  ^ 

Inspect  and  service  a  cylinder. 

c      Inspect  and  service  the  piston,  rings,  and  connecting  rod 

d      Inspect  and  service  a  crankshaft  asembly. 

»  « 
e      Service  a  multi-piece  crankshaft  assembly. 

f.      Inspect  and  service  a  valve  assembly. 

g  ^  Reassemble  a  fOur-stroke  cycle  engine 


nor 

^  kJ 


X 
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•    .     OVERHAUL  FOUR-STROKE  CYSLE  ENGINE 
J  .      UNIT  VII  •    .  , 

'       K  - 

\ 

\'  SUGG|STED-^A€TIVITFES  ' 

Instructor,  *         .  *'  * 

s'  - 

A  '  Provide  Student  wit^  objective  sheet, 
B.     Provide  student  v^itfi  jnfotnnation  god  job  sheet-s. 
C      Make  transparencies  j 
D.     Discuss  unit  and  specific  pbjectives. 


E      Discuss  information  sheet. 


F      Demonstrate  and  discuss  th*e  j^rocedures  outlined  jn  the  fob  sheets 

G  •Provide  examples,  of  pistons  and  ^connecting  rod  assemblies,  crankshaft 
/       assemblies,  and  valve  trai#5^  -      *  . 

H      Compare  overhauls  of  four-stroke  cycle  and  two-stroke  cycle  engines. 
I       Give  test  ^  • 

Student  ^  '  ^  ^  *     s  y 

A      Read  objective  "sheet 
B  '^^tudy  information  sheet 
C      Comf^lete  job  sheets  ^4 
D     Take  test     ^  * 


^     INSTRUCTJOr^AL  MATERIALS 

Included  *in  tins  unit     »       '        ,  ' 

A     Objective  sheet      ^    ^  - 

B      information  sheet 

C      Transparency  masters . 

.1         TM  1  Pistort  and  Rod  Assembly 
2        TM  2  Connecting  Rod  A^semlply 


'  * 


iJ- 


3        TM  3-  Crankshaft  Assembly 
*4        TIVl  4  -Multi  piece  Crankshaft  Assembly 

D  '  -Job"  sheets  .        ,  -  •  .  '     "        '  ' 

1        Job  Sheet  #1 -Disassemble 'a  •Four-stroke  Cycle  Engine 


4 


2. 
3' 

4 

5' 


7 

lest 


Job  Sheet  ^2  Inspect  and  Service  a  Cylinder 

Jot^  Sheet  ^3--lnspect  and  Service  Jhe  Piston,  Rtngs,  -and 
'Connecting  Rod 

'  A 

Job  Sheet  i^4-lnsi^ct  and  Service  a  Crankshaft  AssefJibly.  , 
Job'fSheet  ^5  Service  a  Mai ti  piece  Crankshaft  Assembly 
"  Job  Sheet  -6 -Inspect  and^  Service  a  Valve  Assembly  • 
Job  Sheei  ^7  Reassemble  a  Four  Stroke  Cycle  Engine 


F  Answers  tOy  test 
References 


'A     Hjriey  Davichdjj  Sep*ire  Manual    Sportster  XL/XLH/XLCX,  1970-1973 
Harley  Davidson  Motor  Co'lnc,  1972 

B  '  Small,  .Engines,   Volaihe  2    Athens,  Georgia    American  Association  of 
Vocational  .Icistr.uctional  Materials,  .'1974 
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OVERHAUL  FOUR-STROKE  .CYCLE  ENGINE 
^  UNIT  vir  •    .  ' 


INFORMATION  SHEET. 


Terms  and  definitions  .      '  ' 

♦ 

A.  ^  Qverhaul-To  restore  to  manufacturer's  specifications  \ 

B.  Abrasion-Weartng  or  ri^ibbiig  away  "  .  *  ^  ' 

C.  Anti  friction  ^  bea<ipg-*Bearing  constructed  with  balls  or  rollers  between 
joufnal  and  beaf*ing  surface  to  provide  rolling^  instead  'of  sliding  friction 

b.     Babjp^-  AIJoy  of  trn,  chopper*  lead,  silver,  and  arrtimony  having  good 
anti  friction  properties^  'used  as  a  faqing  for  bearings 

E.     Backlasti-Cle-a^-anc^  or  "p^ay"  'between  two  parts 

Example      ^  Meshed-^  gears  , 

f.     Blow-by- Leal^age  or  loss  of  pressure 

^(hlOTE'  This  is  ofteji  used  with  reference  to  leakage  of  compressioa  past 
piston'ripg  be|h/yeen  piston  and  cylinder  )     •  '  » 

G    ;Break  in-Proce^s'of  wearing  mtBva  desirable  fit  new  or- reconditioned  parts 

H     Bushing-  Rernpvable  sieev*  used  as  a  bearing 

1       Caijishaft-Shaft  containing  fobes  or  cams  .which  operate  engine  valves 

J.  \  Carbon -Common  nonmetaliic  element  which  forms  in  combustionthamber 
ol  an  engine  during'burning  of  fuel  and  lubtic^ing  oil 


n^d^^jlibtic^ing  o 


.K.^   Cfearance  -Spacje  allowed  between  two*  parts 

Example^        Space  betwe'en  a  journal  and  a  bearm 

L     CranksPferft  counterbalance -Series  of  weights  attachgd^o  or  forged  integrally 
with  the 'crankshaft,  placed  so  as  to  of f set  .the  reciprocating  weight  of  each 
-  piston  and  rogf  assembly    '  - .  * 

M.     Floating  piston  pin-Piston  pm  which  is  not  looked  m  the  connecting  rod 
."or  the  pistor*!,  but  is  free  to'turn  ar  osciKate  in  both, the  connecting  rod 
anc^  thii'  pistc\n  .  •  ^ 

N/'  Gasket-  Substance  piacecl  between  t\A/o  '^«et3L  surfaces  to  act  as  a  seaP 


INFORMATfON  SHEET 


*0.-  y)ne--Abras<ve  tool  for  correcting  irre^lantfes  or  differences  in  diameter 
•  -    in  cylinder  ,     .  *  *  ^  V  ^ 

Exaij[)ple         "Engine  cylinder         ,  ,         '  \ 

P.     Interference  angle -Difference  m  angle  .t^etween  mating  surfaces  of  a,' valve 
and  »a  valve  seat         *  ,  .  '  * 

Q.    Journal- Part  af  a  shaft*  or  cr^nk 'Whicfl  ^-otates  insid§' a  treating 

R     Oil  pumping-  Terrn  used  to  describe  an  engine  whHch  is  usin^'an 'excesslve' 
amouni,  of  lubricating  oil  '     .  ^     '\  *  ' 

S      Piston  slap'-RockiQ-g  of  loose  fitting  pr5ton»,in'^»cyhnd'er,  making  a  hollow 
bell  like  sound         '  .  -  'i      ^  •     '       .     ♦     ^  " 

T      Press  fit  Known-  as  a  ^force -tit- or  drive  fit    '       '  .   .  * 

i^^OTE' 'This  fi.t  IS  accomplished  by  for-cing  ^  ^haft  info  a  hole,  slightly 
smaller 'than  the*shaft-)    '    ^    •  •         "  *   '    ^'    '  ' 

•  .t  *  •     •  ♦  ,         ,  .  •  ^ 

U     Runi-wng  fit-  Sufficient  clearance  has  bee/i  alfoWed .between  the  shaft  and 
journal'to  allow. free  running  without^  pverheating  ^     •  * 

V  .  Seize-  One  surface  adf>ering  ta  another  because  *f  Ti^^         qfessure  . 

Exan^pFe  *^       A  piston  wril  s^ize  in  a  cylinder  because  of  lack  of  lubr4cat*iofi 
or  overexpansion  due  to  excessive  heat  .  , 

W    *Shrin4<*  fit  Exceptionally  tight  fit  achieved  by  ^heating  aipd/or ^c^ling  of 

C/    •    .  ■  -    :  .  -         ■.     ...  . 

-  ^  jNOTE  The  outer  part  is  heated  aljave*  its  p6rmal  ftperating  temperature 
or  the  !nne^  part  chilled  '  bebw  its  rior^rpal  operating  'temft^ra'ture  and 
assembled  m  thTs  condition  )     ^       .*  "  *  \ 

9  t  »  »       .  .  ' 

X     Valve  lapping- Process  of  matmg  Jthe  valve  seat  and^  valve  face^,;   ^  "  , 

This'  IS  performed  jwith  the  aid  of- an  abrasive.)  • 
■    '  ''*.''.,. 

Y  Valve  qn^dip^-  Process  *  of  Yefaefng  the  valve*  ar^d  seat  to  manu^apturer]s 
specif icatTons  ^         .         /  .  !  . 

Z     'Valve  face  Angle  ^surface  of  valve  which  mates  with  the  seat  to  seal  the 
chamber.  "      ^  •  *  , 

AA,^Valvq  head  Top  of  the  large  diamletered  valve  end    *      '  •  ^ 

BB    Valve,  margin  S[)ace  l6etv*yeen  valv'e-face  and' head     ^  *  , 
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INjFCrRMATION.SH^EY 


CG.  Valve  >5tem--Lor>g  .portion  of  valve  whjcb  reciprocates  in  valve  guide.  \^ 

DD  Valve  .9eat--An^1e  surface  in  engine  blocker  head  which  provideSfmatihg" 
surface  for  valva  fage  .^^^^  " 


EE    Valve  clearance-tDistance  between  ^^e  .stem  and  tappet  at  lowest  tappet 
,  position''  _  , 


II    'Causes  of  engine  probf^ms    '7^  ^ 
A     Allowing  dirt  to  get  into  the  engine 


On 


B*/     Faijure  to  check  crankc^se  oif  tevel' often- enough  and  letluja^engme  run 
'  low  on  oil    .   -   •  .        *'        '        .  •  / 


C  Overloading  the  engine  so  that  it  works-  too  hard 

Running  the  engine^  tocr -fast      ,  *-  '  *      ,    •  ' 

*  E  Failure  to  propjgrjy 'store  the  engine  during  the  off  season- 
Nl^^^^^r^s^of  piston  ^nd  connecting  rod  assembly  (Transparencies  1  and  2) 

A'.  Land 

B  Ptston  head 

C  Piston  pin-^(wrist  pin)  ^  \^ 

D.  Skirt 

E  Pin  hole     "  ^    '  . 

,  * .    F  Oil  ring  groove 

^   G  Compression  hnJ  scraper  ring  groove  l' 

H  Rtrrg  side  clearance 

I  Skirt  clearance  .  ? 

J  Retaining  ring  \ 

.  .  K  Connecting  rod  ^^^t^ 

L  Connecting- rod  bearing^cap 

A/]  Connecting  rod  bolts,  washers,  and  nuts. 
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'.*.  *    INFORMATION  SKEET.  . 


'iV.  'Parts  of  crankshaft  assembly ,  (Iransparency  3) 


A*  '  Ma^n  b'earing  jt^rnals  '  .  "      \  . 

B ,    Crankpin    ^    ^        ,  ^ 

(NOJE    This  IS  the  conrtecting  rod  bearing  journal.) 


C  C%interweights 


*  '-4 


V.    Pafts  of  a  multi-piec^  crankshaft  assembly  (Transparency  4)' 
.    A     Connecting'  rods      .  ,  V 

'  ^  B  Crani<t)in 


'ank[)!n 


C  Crar 

Q     J?in'on  sha^t       ^  .  . 

Lock  p!ate  ,        '  ^ 

•  .*  ' 

f      Bearing  roU^rs  and  retainers 

^     ^  G     ^^prycket  shaft  » 

,*Hr     Crank  wheels 
V)?'    Parts /of'  the  valve  tram  '(Transpacency  5) 
A-     tVlartjin  ,  t 

-    -  B      Seat  ' 

C     'Stern       /  . 
t)  Fac(#' 

/F      Adjusting  nuf        ^  *  »  '  * 

-  G  ,  Tappet  ^  gujcJe 
H  Cam 

♦  *^ 

I      'Head    (    ;   '  ^  '  ' 

J      Va've  <<ui(jp 
.  Vaivp  s^^nng 
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PISTON  AND  ROD  ASSEMBLY 


,  PISTON  HEAD 


GROOVE  ROOT  DIAMETER 


LA>JD  ^RINGSIDE 
\_DIAMETER  3^.  CLEARANCE 


SKIRT-  .  ^ 


COMPRESSION 
AND  SCRAPER 
H  RirsiG  GROOVE 

blURING  - 
G|pOVE 

compression 
distance 

piston  pin 
pin'hole 

# 

ISTON  PJN 
BUSHING 

"^SklRT' 
CLEARAtslCE  • 


TM  1 


I 


■\  CONNECTING3RQD  ASSEMBLY 


.  4 


2 


ERIC 
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V  -\ 


CONNECTING  ROD- 


.^-.RETAINING- 
ijJ  RING  .  ■"  ■ 


BEARING  CAP 

CONNECTtNG-ROD 
BOLT 

WASHER 
SELF-LOCKING  NUT  T 
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CO 


.   <:rankshaft  assembly 


MULTI-PIECE  CRANK^AFT  ASSEMBLY 


CONNECTING  RODS -, 


crankpin 
'nuts 


.r-  CRANKPIN 


V 


LOCK  PLATE 


BEAl^ING  ROLLERS 
AND 
RETAINERS 

€RANK  WHEELS 


SPROCKET  SHAFT 


Crankshaft 


SE  -  229  D 


VALVE  TRy^N 


MARGIN 


V 

RETAINER 
ADJUSTfNG  NUT 
TAPPEJ  GUIDE 


SHAFT 


TM  5 


^  *  '  ,  SE  231-D 


OVERHAUL  FOUR-STROKE  CYCLE  ENAMVJE       .  ^ 
UNIT  VII  ■  tT 

"i  * 

JOB  SHEET. #1- DISASSEMBLE  A  FOUR-STRQKE.  CYCLE  ENGINE 


1,    Tools  and  mal^enals 

A     Hand  tool  assortment 


B  <^lvvyheel  wrench 

e  .  Flywheel  holder 
D.  '  Flywheel  puller 
E      y^aive  spring  C(/mpre5sor 

F  .  Engine  stary^ 
G  Shop  towels 
H     Cleaning  solvent  / 


Safety  glasses 


r 


4 


Procedure 

A     Disconnect  spark  plug  c^ble  ^nd  remove  spark  plug 


^B    -^isconn^ct  all  belts,  chains,  remote  throttle^control  linkage,  and  exhaust 
sysjem  if  attached  to  implement  or  vehicle. 

C      Rernove  engine  from  implement  or  vehicle 

(NOTE    If  remote  fue[  tank  is  used  disconnect  fuel  lines  from  engine.) 

^.       D      Mount  L^h^ie  on  suitable  stand  '  ^, 

(NOTE   Som^  smaller  engines  are  easier  to  disassemble  on  a  work  bench.) 

E      Dram  oil- from  crank'case  '        ^  ^ 

F      Remo\>e  starter  unit  '  •        ,  ^ 

3  G^     Remove  air  cl^ner  and  its  mounting  t)racl<;et  , 

H.  Remove  exhaust  pipe,  and  muffler 

I.  '  Remove  carburetor  and  -intake  manifold 

<NO"tE:  Be  sure  to  note  throttle  and  clioke  connections,  it  might  help  to 
sketch  the  linkage,)*  .  . 
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JOB  SHEET  ^1 


Remove  air  sfiroycf,  blower  housintj  [)dfties,  dnd  fuel  XanU 

(CAUTIOM    Position  tank       fuel  wiW  not  ^eak  out  t 

Ren^ove  the  flywheel 

(MOTE.  Always  use  the  rtcjht  puiU^r  ) 

RerDove  all  mjgneto  compoijients  ' 

Clean  ail  oulside  surfaces  of  \ht  ^^'^'^!ne  usm^  an  approved  st)!vent  . 

(CAUTlOiXi  Never  use  solvents  that  burn  easily  nor  those  which  n^.Vy  be 
harmful  to  humans  )  »  ^ 

(NOTE  As  [}arTs  arre  ci^Mt^jd  and  dried  lay^them  out  in  an  organized  palter^ 
on  the-dean  u.'orkb«^nc^'  i  -  - 


Remove  ttie  cyiif\fr'f  head 

^NOTE  .  On  '-nj^L'S  with  overhead  camshafts  refer  to  appropr-ate  ser.  '_rf 
mianua!  ^or  e ■  Hf J  procedures)  y 

iViark  hoUs  different  length  bolts  wiM  be  returned  to  the  p^-gper  'ocjticn 
( Fifjure  1 


CYLINDER 
HEAD 


FIGURE  1 


1  ^ 


608 


S£  -  233  D 


JOB  SHEET  #1 

P.     Remove  vdlv^  cover  ^  . 

Q     Insta!!  vafve  spring  compressor  (Figure  2) 


FIGURE  2 


c. 


R  Compress  valve  spring 

S  Remove  spring  keepers  and  collars 

T  Remove  tension  on  valve  spngg  *         «    ,  -  ^ 

U  Remove  spring  compressor  ^  '   >  ' 

V  Remove  valve  * 

(NOTE:  Be^ur^^nd  check  for  roughness  at  valve  lock  groove' to  prevent 
guKde  bama'ge  during  removal.) 

W     Remove  spring         '  ^  \^  ^ 

(NOTE    Mark  springs  as  exhaust  or  intake  for  reassembly.) 

X     Repeat  steps  "Q"  through  "W"  for  other  valve(s) 

.  COL- 


,  JOB  SHEET  t:] 

■'t    ■     •     ■  • 

Recnove  pistt^n^assembly  .  '  » 

(NOTE.  Refer  to  appropnatf  service  manuals  for  exact  procedures  on 
engines  with  removable  cyhna^^rs  ) 

1/      Rotate  crankshaft  until  f^ifton  is  at^  bottom  of  cylmder 

2  Remove  oil  sump  ^ 

(CAUTION:  Be  sure  crankshaft     clean  before  sump  is<emoved.) 

'(fsTOTE    Some  engmes  have  removable  side  plates  instead  of 
removable  oil  sumpb  )     •  . 

3  Remote  oH  slinger  or  pump,  cannshaft,  and  tappets 
^(NOTE    [yiark  tappets  for  replacement.) 

4  Teel  upper  cylinder  wfth  finger  to  check  for  a  ridge 

5  Remove  ridge  with  ridge  cutter  (Figure  3) 

(NOTE.  Refer  to  ridge  cutter  installation  and  cutting  procedures,) 
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JOB  -SHEET  #1 


Bend  Jang  away  from  Connecting  rofl  bolts  (F^gur^  4) 
tang  on  screw  lock 


FIGURE  4 


Remove  connectmg^od  bolts  (Figure  5) 

(NOTE  Notice  location  of  marks -on  bearing  cap  and  rod  so  they 
can  be  returned  to  correct  location  , 


match  marks 


• » 


FIGURE  5 
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-    -  JOe  SHEET  #1  . 

8        Remove  pfs^atn  and  rod  (Figure  6) 


(NOTE  Scribe  across  piston  and  block  so  prston  can  be  returned 
nn  Its  original  direction.)  , 


J 


/ 
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JOB  SHEET  #1 


CC  Remove  crankshaft 


1 


Remove  crankshaft  retainers  if  any  are  used 


,2        Remove  crankshaft  from  block  and  bearing  plate  (Figures  10  and 
11)         '  :  ^ 


FIGURE  10 


(NOTE.        gentle*' pull  on  engines  w'tth  tapered  rolier'bearings 
•  will  usually  work.  On  engines  with  sleeve  inserts  or  cast  m 
%  '      .bearings*  gentle  taps  with  a  soft  mallet  are  often  required. ) 

DD.  Clean- all  parts  and  dry  for  inspection  and  measurement 


'1  - 
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OVERHAUL  FOUR-STROKE  CYCLE  ENGINE 
UNtT'VII, 


JOB  SHEET  #2  -INSPECT  AND  SERVICE  .A  CYLINDER 


Tools'  and  materidls  , 

A.  Measuring  ir^str-jments 

B.  Deglazing  tool 

C.  Portable  drill 

Dn  Cylinder  vise  support 

E.  Light  oil'  5  10  weight 

F  Shop  towels 

G  Hand  tool  assortment 

H.  Hone 

1  Boring  *bdr  . 

J.  Safety  glasses 

Procedure  } 

A.  Inspect 


1, 


E)camin*  for  c^^sics^^^stripped  threads,  broken  fiQ^,  and  scoj^  ar?d 
damaged  cylinder  wb^ls  '  '  ^        *  ^ 

(NOTE   Any  of  these  may  require  replacement  of  the  cylinder.) 
Repatr,  any  stripped  threads  using  a  Heli-C^ 

\  • 

a    .  Drill  out  worn  thread  '     '  • 

J- 

b      Tap  hole  with  Heli-coit  tap 

c   -   Instafi  Hell  coil  insert  to  bring  hole  back  to  Anginal  thread 
*  (Figure  D      \      .  '  ^  ' 

siandard  screw  fits  Jn  ...  .  ^ 


heli-coil  insert'  in  .  .  . 


,  FIGURE  1 
heli-coil  tapped  hole 


JOB  SHEET  #^ 


^ea»ure  ring'travels 


1.     <#Tclke  measurements  at 'top, 'tenter,  and  .bottom  oKring  travels- 
both  parallel  aod  at  right  angles  to  the  cfank#iaft  (Figure  2) 


FIGURE  2 


2,    '  Check   to   see   if  measurements   are   within,  manufacturer's  ^ 
specifications  -  *       -  - 


Degla?e  cylinder  if^t  falls  within  manufacturer'^  ^specified  tolerances 

(NOTff:  Refer  to  appropriate  sewice  manual  fgr  exact  deglazing  prbcedures.) 

1.  ^     cfeaji  ^^•^nde^  soapy  water  .  ,  - 

(NOTE:  »Do.  nb^  use  §asoline,  kerospne,  or  solvents  for  tnf? 
-  cleaning  job.-)  ^  »     ^  «^  . 


0r 


.  2.       Dry  cyltrfder     -       ♦       .  * 

/■       ^  .  r     '  • 

Bore  cylinders  . ' 

(NOTE:  ChooU  ><rianufacturer's  specif ieajions  far  equipment  heecJbd.  If 
engine  does  not  irjeet  manufacturer's  specifications  for  stgndgrd  ring 
replacement,  it  shbiHp  be  b6red  or  honed;)  *  ' 

1.       Deteifnine  cylinder,  wall  tV^pe-     1^^       ^  ^  ^ 

(NOTE:,  Sojjie  oylif4ders  cannot  be  reboj|d.  CW-ome  plated 
'   '       ,  aluminum  cylinders Jfor  instance, -must  be^discar^.  if  worn  or 
^  -  damaged.)  •   -  .  -  1  '  • 


6ie 
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JOB  SHEET  #2 


2. 


m  * 


V 


Hone  boring  to  oversize    ■  ,       .  ■    ■  '  '  ■ 

•        ♦     »  * 

(NOTE.  Boring  is  done  in  D10  increments.  If  first  .010  leaves 
'nicks  or  3fcrapes  unrepaired,  go  to  .020  over  jjllidard.) 

a.     Install -cylinder  in  vise  or  eyhnder  support 


V  b.     Insert  hone  into  cyMnder  •  * 

(NOTE.-  Be  sure  and  use  correct  stone.) 

c.  ^tart  drill  or  drill  press 

d.  Raise  and  tower  hone  in  cylinder  vOhile  it  jotates  (Figure 


4k* 


f"  FIGURE  3 


e.   •  Stop  periodically  to  measure  progress 


f      Stop  b.ormg  when  ycWare  within  .002  irv,  of  desjred  di^ctei; 

ff     .Change  'to  firiishing  stones  and  Ani^lT  hgning  to  Crosshatch 
Wtern  ^  " 


V 


3. 


h  ^Clean  cylinder's 

Bore  to  ov;ersize  wrth  a  boding  bar  ♦ 

a.     Securje  Wogk  to  boring.' bar  base  < 

b      Sgt]  cutter  dept^  (Figure  4)  ^      "  : 

^  •  (N(pTE:  Refer  to  bormg  bar  mstructiori'manualt  fof^ eVaqJ 
pracedgre.  Yoii  sbould  leave  approxim^t^y  t0b25  for  finish 
hofiing.)       l'^    ^       ^  ^  * 
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Sob  Sh+EET  #2 


'  FIGpRE 


c.  Start  boring  bar  ,  - 

b.  Bore  complete  cylinder  length  ^ 

e.  Retract  boring  arm  .  # 

'f.  Remove  cylinder  ,  . 

(NOTE  Check  to  ifkke  sure  correct  bore  was 
same-  technique  as  m  original  check.) 


g.  Finish  horve  cylinder 

h.  Cl^^n  cylinder 
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OVERKAULTfoU^^TROKE  cycle  ENGfNE 
".~   UNIT  VII 


JOB  SHEET  Jt3-INSPEcV  AJ^JD  SERVICE-THE  PISTON/RINGS, 
*  -AND  CONNECTING  ROD 


I.  Tools  and  materia's 

A.  Outside  micrometer 

^  B.  Telescoping  gauge 

C  Ring*  groove  -cleaner 

D.  Feeler  gauges 

E.  Ring  expander  •  ^ 

F.  Manufacturer's  engines-manual  , 

4 

G.  Hand  tool  assortment 

H.  Safety  glasses  ^  ^ 

II.  Procedu*  ' 


-^1 


A.     Check  piston  visually,  for  scoring  wear  spefs  "&rTd"  deformrties 

(NOTE  Discard  the  piston  and  replace  v^tth^  a  new  one  if  you  feel  it  has 
damage  that  will  effect  engirre  per|ofrriante  K  •      s^Jt^    '    ^-  '  — 


B.  .  Secure  piston  in  vise- 


C      Remove  rings  using  ring^^expander.  (-Figure  1) 


FIGURE  1  . 
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JOB  SHEET  #3 


b.    Clean  carbon  fror?  ring  grooves- with  special  cleaner  (Figur-e  2) 
-(NOTE.  Be  sure  and- do  not  alter  the  groove  size.)  , 


FIGURE  2 


E      Take  piston  measurement  art'the  head  and  skirt  (Figures  3  and  Al 

INOTE  Take  ia'n  measurements,  two  at  right  angle  to  pir^  opening  and 
two  parallel 


FIGURE  a 


FIGURE  4 


F  '  Compiare  measurements  to  manufacturer's  specifications  » 

'  (I^OTE:    Discard    piston    if  -it   does  no^  fall    within  manufacturer's 

specifications.)  '  -  - 

G.    Check  for         groove^wear     '  ^       ^  *  ^  ^ 

1.        Install  new /ing^  qsmg  ring  expander 


ERLC 
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'^ffOB  SHEET>3 


Insert  feeler  gauge  uetvVeen  ring  and  groove  {Figure  5) 


TOP  LAND 


-r-.'  RING 


3)       Compare  with  the  manufacturer's  specifications 

A  f^O.TE     Discard  piston   if  measurements  do  not  fall  within' 
manufacturer's  tolerances  )  ' 
'  *  ^---^  • 

4  '       Ref:>edt  for  rerrtainRnq  "nnq  qrooj^es 


(NQTE  ^On  son^.e  rauttf  cylinder  engines  the  mapufacturfers 
recommend  Lisro'^  i)d\anc'n(\  Refer  to  appropriate  service 
manual  ;*      .  ^       mm  ^ 

t 

H      Service  and  inspect  pin  and  con'nectmg  rod 
1         Kemove  pin  retainers  f^igure  6)  ^ 


ERIC 


screwdriver 


FIGURE  6 


snap  ring 


^  Air  4. 


% 
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JOB  SHEEt  #3 


2.       Drive  out  piston  pm  wnth  soft  hammer  and  dowel  (Figure  7) 


soft  hammer 


dowel  rod 


FIGURE  7 


3.       Measure  pm  diameter  using  rTiicrometer 

4        Measure  piston  boss  with  small  hole  gauge 

Measure  hole-gauge  with  micrometer 

^6.     •  Subtract  pm  measurement  from  boss  measurement 

»  7.       Compare -to  manufacturer's  specifications 

(NOTE.  Some  manufacturers  recommjend  replacement  if 
tolerances  are  not  within  specifications,  others  recommend  boring 
piston  bosses  to  oversize  and  using  a  larger  pin  Some 
rocftiitse  replaceable  bearings.  Refer  to  appropriate  service  manual 
^  for  exact  procedures.)  - 

8.  Check  rod  for  straightness  ^  ,  - 

(NOTE.    Big  and  small  bearing  holes  must  be  paraijel.  Straighten 
^  '  or  replace   as  necessary.  Some  multi-cylinder  engines  require  rod 
balancing   Refer  to  appropriate  service  manual.) 

9.  Connect  rod  cap  to  "connecting  rod 


(NOTg  Be  sure  alignment  marks  on  cap  9nd  rod  are  mated  before 
tightening  cap  scr^s  Refer  to  appropriate  service  manual  for 
torque  ) 


f. 


ERLC 


\J  9^  ^ 


JOB  SHEET  #3 


Measure- inside  diamlter  of  crankpin  opening  in  two  places  180'' 
apart  (Figure  8)  n       ^     .  . 

(NOTE:  On  rods  with  bearing  inserts  use  same  procedure  with 
insert  installed.) 


FIGURE  9P 


Corinpare  reading  to  manufacturer's  specification 


(NOTE:  If  out-of-roundness  is  found  in  your  readings,  discard 
rod  and  get  a  new  ^ne  to  replace  it  On  models  with  bearing 
inserts  put  in  new  bearings  if  manufacturer  s  specifications  are 
not  met  or  out-of-roundness  is  found) 


S£  •  249-D 


OVERHAUL  FOUR-STROKE  CYCLE  ENGINE 
.    '       UNIT  VII 


JOB  SHEET  #4-INSPECT  AND  SERVICE  A  CRANKSHAFT- ASSEMBLY 

« 

I.    Tools  and  materials 


A.  * 

Telescoping  gauge 

B. 

Outside  micrometer 

C. 

Seal  removal  tools 

D. 

« 

Seal  installation  tools  - 

• 

.E. 

Bearing  pullers 

Bearing  installation  tools 

'  G. 

Hand  tool  assortment 

• 

H*. 

Safety  glasses 

/ 


1 


II.  Procedure 

A.  Inspect  crankshaft  for  scoring,  straightness,  damaged  keyway,  damaged 
breaker  flat,  battered  threads  or  worn  tinrgng  gear  teeth 

B.  Discard  if  beyond  repair 

(NOTE:  Some  crankshafts  can  be  straightened  and  battered  threads  can 
be  repaired  with  a  thread  file  or  thread  chaser  ) 

C.  Using  an  outside  micrometer  check  mam  bearing  journals  and  crankpin 
journal  for  out-of-roundness  and  taper  (Figure  1) 

(NOTE:  Check  two  or  three  places  up  and  down  the  journal  as  well  as 
two  places  around  it.)  ^  ^  / 


FIGURE  ] 


JOB  SHEET  #4 


Compare  measurements  to  manufacturer's  specifications ^  * 

(NOTE:  On  some  engines  the  crankshaft  is  separable  and. journals  can  be. 
replaced.  ,,Sdme  expensive  crankshafts  can  be^  reground  to  a  standard 
undersize.  Most  crankshafts  should  be  replaced  if  tfiey  do  not  fall  within 
'specifications.)  '  * 

Check  and  service  mam  bearings  and  seats 

T.       Check  ^sea^s  -  »      •  ^ 

a.  Visually  check  for  lip  deterioration  or  wear 

b.  Remove  damaged  seals  (Figure"  2)#-  *  * 


figiJre  2 


2.       Inspect  anti-fricftion  bearings 

a.  Clean  beanngs  with  solvent  ^ 

b.  N^ually  check  for  pitted  or  damaged  rollers 

c.  Spin  bearings  and  look  and  listen  for  deformities 
(CAUTION-  Do  not  spin  bearings  with  compressed  air.) 
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JOB  SHEET  #4 '  • 
d.     Remove  worn  or  damaged  bearings  (Figure  3) 


FIGURE  3  • 


e.     Replace  with  new  bearings  if  needed  ^ 
Inspect  and  repair  bushings 

a.     Measure   inside  beanag  diameter  with  teiescopfng  gauge 
(Figure  4) 


FIGURE  4 


Id.     Measure  gau^e  with  micrometer 


cl    Com{)are  to  manufacturers  specifications 


A 


r 
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JOB  SHEET  #4 


d.     Repair  damaged  bearing 


(NOTE  Some  engines  have  cast  in  sleeves  for  bearings  and 
are  not  repairable.  Replacing  the  housing  is  the  only  repair.) 

1)        Drive  out  worn. bearing  (Figure  5) 


FIGURE  5 


Bearing  driver 


2)        Replace  with  new  bearing 
e.     Put  m  with  new  seals  (Figure  6) 


seal  seat  tool 


mounting  flange 


oil  seal 


^    '        FIGUl?E  6 

(NOTE  This  rpay  require  special  tocJis.  Consult  appropriate 
,  service  manual  ) 
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OVERHAUL  fOUR-STROKE  CYCLE  ENGINE 
'  UNIT  VII* 


-JOB  SHEET  #5-SERVICE  A>  MULTI-PI ECE  CRANKSHAFT  ASSEMBLY 

L    Tools  and  materials 

A.  Hand  tool  assortment  '  '  . 

B.  Dial  indicators 

C.  Inside  micrometer 

? —    ^ 

Outside  micrometer 

E.  Bearing  puller 

F.  '  Lathe  or  other  suitable  centering  devjce  -  ^'  ^ 

G.  Vise 

H.  Solvent  and  brush  or  rags  ^- 

I.  ^tt  hamr||^ 

J.  ^Thickness  gauge  •  ' 

K.   ^Safety  glasses 

II.    Procedure  '»  #  ' 

\  ■  -  • 

A.  Disassemble  engine  to  a&cpose  crankshaft 

iNDTE:  Use  appropriate  job  sheets  an^-Servjce  manuals.) 

B.  yfferTTtJvKcrankshaft  assembly  from  engine 

C.  DisassembleCraokshaft  assembly  ^         '  ^ 

1.       Place  crankshaft' verticafly  in  a  vise 

(NOTE:  Use  wood  blocks  or  jaw  protectors  to  k6ep  from 
damaging  the  crankshaft.)     ,   -  ' 


yj  ^ 
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JOB  SHEET  #5 


"2.       Remove  all  bearings  from,  the 'shaft  (Figure  1) 


f 
i 
/ 


FIGURE  1 


Separate  crank  throws  or  wheel 

a.  Remove  locking  screws,  plates^,  and  nuts 

b.  Tap  outer  nm       wheel  to  loosen  with  soft  hammer 

c.  Remove  /jpper  crank  wheel  (Figure  2) 


-  FIGURE  2  - 


*4,*       Hold 'bearings  whi'e  pulling  connecting  rods  off  (Figure  3) 


FIGURE  3 
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A 


^JOB'SfpEET/^S 


D.     ,'Remove^'bear.ings  {ngure'4) 
,         i^OTE:  Keep  the  bearings  assembfed  as  aVsg 


.  Remove  rerrtaining  lock  pl^te  screw,  lock  plate,  anti  crankpin  nut' 
7.    .  Tap  cr5nk  wheels  with  so^^mmer 

'8.*-    *Pre$r  our  crankpin  ,  -      '  *       .      '  - 


»*^sp€Ot'  parts 


V 


1.  '    Gleap  afl  parts  .in  solvent  . 


^.3 


Dry  parts  ^     *  .  ' 

Check  crartkpm'  Jor  ^ear  with  nlicrometer* 
(NOTE J 'Replace  if  rwit  withm  ma||ufacturer's  specified  limits.) 


4.,     '  Check  flywheel  Washers  for  wear 
8      (NOTE;  Replace  if  any  wear  is  evident.) 


r 


.  '  '     5.  '    Inspect  connecting,  rod  big  end  bearing  surfaces  with  inside 
^      »     micrometer  ^  ,  / 

-^-^  .  *   "   '  '       •  * 

^^NOTE^--Jf^  they ^do  "not  fall  within  manufacturer's  specifications, 
replace  with. new  cods,  bearings,  and  crankpin.) 

"E.    "Fit  rod  bearings  'J# 

♦       .  -  V 

.         T.  r||^r$  into  races  •  ,^  ' 

«  (NOTP;  Any  siz.e  could  be  used,  all  parts  mus't  Jse  free  of  oil.)| 
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1. 
3. 


/oB  SHE£T  #5 


'osition  assembled  bearings  into  rods 
Drop  c ran kpir/ through  hq^in  rod" 


(NOTE:  Plug  fit  is  achieved  when'  pin  drops  through  tiole  o\  its 
own  weight.  Try  .different  size  r'ollers  until  this  fit  is  o^ained.)' 


leck  overall  ,  width  of  roller- retainer  assemWy  '  ^ 


(NOTE:  It  must  b^-tess  Jthan  female  rod  big  end  width.) 


0 

Reassemble  crankshaft  assembly 
^(NOTE:i  Reverse*  disassembly  procecJures.) 


1. 


Check  sideshal^  (Figure 

4-^  >^ 


/ 


) 


FidURE  5 


2.    '   Compare.t6^anufacturer's  sp^ifications  «     ,  ,  * 

(NOTE.  Recheck  bearing  fit  if  specif icatiof>6  are  not  met.) 
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JOB  SHEET  #5 


-^.G.    Aiigp  crankshaft  assefl^tWy'^^ 


.1.  Install, CranRshaft  assembly  in  a  lathe^or  other^suitfiWe^entering 
*  •     device.  (Figure  6) 


Mount  dial  indicators  on  bearing  journals  (Figure.  7) 


3.  '  Rotate  crankshaft  and- note  indicator  readings        ^  \ 

4.  ^  ^  Align  shaft  sb  mdximum  needle  readings  are  the  same. 

•  *  ^  - 

•    3*    Rotate  the  crank  until'  sprocket  s^ide  dial  indicatot>  reads  its 


maximum 
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.JOB  SHEET  #5  ' 

b.  -  Mark  crarvk  -wfieel  in. line  witb  dial  indicator  plunger 

c.  Remove  crank  {rqm-Mathe  ^  *    ^  ' 

d.  .    Tap  crank  wheef  lightly  with  soft  face  hammer  at  maric* 

(Figure  8)      *    o  .     \    .    _  ^ 


7' 


FIGURE  8 


e.  ReinstaH  in  lathre  an^  recheck  readout 

f.  Re0eat  until-  reac^suts^arfi  the  iame 
Adjust  for  pmch  ^r 


{NOTE:  After  tj^e  foregoing^ adjustment,  the  crank  ma/ still  be 
pinched  or  spread.  If  the  indicator^show  a  maximum  travel  when 
crankpin  is  in  toward  the  diii  indi^or^,  it  is  pinched;  if  maximum 
IS  shown  when  crankpin  is  away  from  indicators,  the  wheels  are 
spread.)  / 


a. 


Correct  pincHed  wheels 

1)  «  Remove  assembly  from  lathe 

•  *. 

2)  Drive   wedge   betwegn   wheels   away   from  co' 
(F)gure  9)  ,^ 


FIGURE  9 
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JOB  SHEET  #5 


3)/*     Replace  in  lath^  and  recheck 'runout  % 
^     ^  Rey3eat  until  manufacturer's  specifications^  are  met 


b. 


Conrect  spread  wheels' 


l]  Remove  crankshaft  from  lathe  - 
«  ^  # 

.    2)  Tap  wheels  opposite  crankpin  toward  each  other  ^ 

•  (Figum  10)  • 


hammer 


Replace  in  lath^  and  checfk  runout 


H 
4 


V  *  -  ^ 

j0     A)        Repeat  until  manufacturer'^  specifKiattons  are  met 
Ch^ck  s'ide  ^^c  lea  ranee  •  -  ^  •  '  *  . 

1         Place  cranksha^i,  iff  a  vise  » 


Torque  to ' manufacturer  s  specifications  ™ 
Insert  thickness  gauge  (Figure  11) 


FRONT  CYLINDER 
CONNECTING  ROD 


FORKED  "REAR  CYLIh4PEfr 
CONfVlECTING  RcJd 


■  -7 
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JOB  SHEET  #5 


\    Compare  to  fVianufacturer's  specifications  ' 
t  i  \ 

(NOTE:  If  too  much  clearance  exists,  tighten  crankpift  nuts  uht-il 
specifications  are  met.)        4^  •       1  ^ 


J.     jHave  instru£3B^  evaluate  work 


,1 
^  « 


4 


-.4 
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OVERHAUL'FOUR-STROKE  CYCLE  ENGINE 

UNIT  VII  *  ^ 


UJOB  SKEET  ^6  INSPECT  AND  SERVICE/A  VALVE  ASSEMBfY 


I.    ToofIs  dud  materials 
,  ^    A  ^  Vaive  seat  grinding  equipment 

B    '  Valve  face  grinding  gquioment 

C      Outsid^  micrometer 

D  •T€iescoping""g^L?5e- 
^    E  *    V^'VH  5pnng  tension  tester 

F      Co^'bnati^i)n  square 


G      Valve  5e*at  r^-r-Qva!  tools 


M      Va'-wP  seat  ^cfn^'er  •  i 

I  *    Va'.e  guide^^mova'  toots' 


S^K^aTM  or  slb  e 

'  O.^  !^  1  ciC'.^    pia  l":  « 

^  '  %  * 

C-   Sd''-v  ^g  dL^s^^s  "  ^  ,       *  . 

» 

fl  ^  Pr-.cpdu^- 

A      l'*so-jc<  /dives  * 

'J         yiSjanV  cf.eck_  ^alue  for  unusual  or  uneven  wear,  burned  spots, 
:-ts.  cracks,  bent  or  burnt  stems,  and  other  damage 

"    .  "  OTE    Discard  the  valve  if  ptts  or  cracks-^re  too  deep  to  dress 

(j'^  'A  ir'\^]  r  tjnndtng  or  if  stem  is  bent) 


«. 
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JOB  SHEET  #6 


'Measure  the  valve  stem  ^ith  a  micrometer  (Figure  ^) 


(NOTE:  Discard  the  valve  if  it  does  not*fall  within  mani^acturer's 

check  diameter  of  stem 


-specifications,) 


^      at  three  points  at'feoist 


micrometer 


FIGURE  1 


3.  •     Measure  valve  margin  (Figure  2)  \  ^ 

(NOTE:  generally  \f  margin  is  less  than  1/64*\  valve  is  discarded; 
consult  appropriate  service  manual  for  exact  measurements.) 


margin 


44 

DiSCAtO 


FIGURE  1 


B    ,  Repair  valves 


1.  Determine  correct  angle  and  face  width  from  appropriate  service 
manual  *  ♦ 

2.  Chuck  valve  in  grinder 

(NOTE:  Refer  to  grinder  directions  for  proper  procedure;  Dress 
grinding  wheel  if  necessary.)  "  ^ 


^37 
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JOB  SHEET  #6 


3.       Set  grinder  angle  (Figure  3)  • 

4 

(NOTE    Consult  grinder  set  up  manual. 


FIGURE  3 


4   ,      Grind  vaive 

►   5.        Measure  margin  and  seating  surface 

*  * 

(NOTE    D^starcf" vaive  if  suitable  margin  does  not  exist  ) 

Inspect  valve  guides 

1         Measure  inside  diameter  withTdia!  indicator  oi^ telescoping  gauge 
and  micrometer  or  vatve  guide  reject  gaugp  (Figure  4) 


FIGURE  4 


2         Cqmpare  to  m,anufacturer's  srDocif^cations 

(NOTE     If   measurement  .does  not  falf  withm  niiftiufacturer's 
^  soecificdtions,  ref)3ir  o^^repiace  ) 

0      Repc^T  vdtve  guides  * 

'NOTE  There  drt  two  basic  types  of  yaides,  those  bored  directly  into  the 
p'oci<  and'  tho<:>i  u-jruj  risorls  }„  ,  "  "  * 


er|c 
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JOB  SH€ET  #6  • 

f 

Replace  insert  type  valve  guides 
a.      Remove  worn  guide  (Figure  5) 


(NOTE.  This  may  require  a  special  tooL  consult  appropriate 
se'rvice-  manual.) 


•FIGURE  5  J 

b      Install  new  guide 

c      Ream  to  fit  var^r"strn^ 

(NOTE-  Be  syre  •  clearances  between  stem  and^uide  fall 
within  manufacturer's' recommended  tolerances.) 

Repair  guide  without  bushing  inserts     ^  ^ 

(NOT-Er-Many  aluminum  bloc.k  engines  have  driljed  guides  with 
no  inserts.)  '  *  * 

a      Ream  to  standard  oversize, 

1)       Sele.ct  appropriate  reamer 

(NOTE  Reamer  sf^ould  oversize  guide  to 
appropriate  size  for  oversized  stems  with^ 
manufac*^urer's  recommended  clearances. )  ^ 

'2)        Install  reamer  (Figure  6) 


FIGURE  6  . 
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JOB ^HEET  #6 

3)  Rotate   reamlg\  while  applying  light  ^downward 
pressure 

4)  -      Ream  entire  length  of  guide 

^)       Measure  reamed  gufde  with  telescoping  gauge  hhd 
,^  micrometer  or  dial  indicator 

tr.     Ream  for  guide  insert  '  */ 

1)  Select  appropriate  reamer 

(NOTE:  Your  reamer  needs  to  be  larg^  enough  to 
allow  ^or  an  insert  to  be  pressed  into  the%bore. 
The  bore  should  be  ^approximately  .001  in.  smaller 
th^n  the  insert.)  ^ 

2)  Ream  guide  • 

'  3)       Install  guide^^TSeff'  -  '  - 

4f       Ream  to  standard  size  (Figure  7)- 

V 

(NOTE:  Reamer  used  here  should  put  new  insert 
to  standard  size  with  reqpmmeTTl^d  clearances^) 


bushing 


FIGURE  7 

reamer- 


J 


Inspect  valve  seats 


(NOTE'  Check  to  see  if  valve  s^t  is  machined, into  the  bead  or  if  it  is 
an  insert. 


1.       H^isually  Sheck  valve  -seats  for  crackmq  and  p^rx. 
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JOB  SF^EET^#6 


Checl«  seat  width* and  angle  (Figure  8) 

(NOTE:  Depth  of  valve  seat  and  its. width  can  tell  you  about 
the  number  of  times  it  has  been  refaced.)  * 


seat  width 


seat  ongie 


FIGURE  8 


VALVE  SEAT  DIMENSIONS 


P3i/  tr  replace  valve  seats 


1. 


Reface  valve  seat 


_  a.     Select  appropriate  refacing  tools  (Figures  9  and  10) 


(NOTE:  Drill  'motors  and  carbo/andum  wheels  .or  special 
cutters  of  the  appropriate  size  will  work.) 


FIGURE  9 


ELECTRIC 
POWER 
^RiNDER 


CARBORUNDtfM 

GRINDING 
'  WHEEL 
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JOB  SHEET  #6 


b.     Install  pilot  in  gaide 

(NOTE*  Guides  should  have  been  inspected  or  reconditioned 

to  guartHit(H>'  straightness.} 

C-     Install  refacing  tool 
♦ 

d.  Start/flooJ  rotating         *      ,  '      „       '       ^  - 

e.  Cut  all  oxidation  away 

f.  Check  seat  ^idth  '      '  ^ 

<NOTE:  If  width  i$  over  1/16",  narrow  it  down  with  a  15** 
to. 30°  wheel  at  the  'top  and  a  60°  to  75°  wheel  at  the 
bottom.) 


2       "Replace  valve  seats     .  v  * 

a.'    Remove  worn  seat  (Figures  31  and  12) 
moving  seat  insert  with  puller 


FIGURE  11 


FIGURE  12 


Phace  new  ^eat  in  opening  * 

It  IS  often  recommended  that  the  new  scjt.lx'  chilled 
for  at  least  one  hoiir  in  a  freezer.) 
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JOB  SHEET  #6 


c.     Install  seat  driving  tool"  (Figure  13) 


d.  ^    Tap  tool  to  set  new  seat 

e.  Reface  seat  to  recommended  specifications 
Inspect  valve  springs  ■    %  ' 

1.       Determine  spring  height  using  surface  plate  and  scale  or  square 
(Figure  14)  .  , 


FIGURE  14 


2.       Compare  to  manufacturer's  specifications  « 

.(NOTE.  Discard  if  spnitq  does  not  fall  within- tolerances.) 
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JOB  SHEET  #6r 


Check  valvp  spring  tension  < Figure  15) 


FIGLme*T5*  * 


Compare  to  manyfacturer's  specifhcation; 
(NOTE;  Discard  .tf^Vpanufad^urer's  specifications  are  not  met*) 
XKeek  spring  -for  streightness  (Figure  16)  • 
[noYE:  Discard  if  spring-js  more  than  3/16"  out  of  square.y 


maximum 

space  difference  3/16' 


FIGURE  16  ' 


•  .      JOB  SHU 

.  '  Check  camsherft 

1.    '  Measure  bearing J^iyjjrSls  '(figure  17) 


FIGURE  17 


Measure  inside  bearing  diarrieteYs. 


3.       Subtract   bearing   diana6ter  ^^from   joiirnals   and^  compare  to 
mBenufactur^r^  specificatJons 


Replace  bearings  if  needed 


-<  ^  5.-      Measlfre  caiti  lobe  and  compare  to  manufacturfer's  speci^Fications 

J  ^)TE"   Discard  if  tappet  or  pusK  rpd  ^justment  will  not 
connpensate  for  deterioration.^'    * '       •  >     '  * 

*       -  *  ;  " 

6.       Checl^  gear  teeth 

(NOTE'  Cliscard  ff  teeth  afe  dama^|^    *  , 

Check  push  rods  (if  applicable)    ,  , 


1 


Check  for  straightness 


*  ij^OTE:  Rolling  them' on  a  surface  plate\s  a  fairly . accurate 
«      method.)  -     *  •  ^  - 

2.  •     Check  for  rftcked  oi;  damaged  ends         '  ^        ^  -    *  ^ 

Check  rocker  arm  assembly  (if  applicable)  '       .  -  * 

J'^v  Check  c^m  contact  area      ,  *'  *     -  , 

2.       Measure ^haft  t)ore  with  telescoping  gaugfe  and  micrometer  or- dial 
mdicator  (Figure  •IS)*  •*  ^  .  •  • 

shaft 


FIGURe.M8 


cor>tact  area 


SE 


JOB  SHEET  #6 • 
'       f  *  . 

Inspect  rocker  arm  shaft  (Figure  19) 

(1S10TE:  Look' f?)r  pitted  Or  roygh  areas.) 

^g^ygb^ji^^    FIGURE  19 

*  '    •    /  . 

Measure  rpcker  arm  shaft  with  micrometer 

SubtractVocker  arm  shaft  reading  from  shaft  bore  reading. 

Compare  ta  manufacturer's  specifications 

Repair  if  manufacturer's  specificatit)ns  ^ar§^nat  met 

(NOTE  Repair  usuelly  ihvoive?  driving  out^worn  bushia§  and 
installing  new  "Consult  appropriate  service  manual  for  exact, 
procedure.)  .  ^  -  " 


L 


> 


0  .  ^ 


....    .  -/ 
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UNIT  VII  • 

JOB  SHEET  #7  R£ASSEMBI,E  A  FOUR-STROKE  CYCLE  ENGINE" 


1^ 


ERIC 


I  ^  Tools,  and  matenalV'  > '    ^      *  ' 

A     Hand -'too!  assortment  ; 
^^^^^^^G^keX  set  for  engines  4 

C     Valve  spring  compressor 

D      Ring  compressor  ( 

E      Light  engine  ^c\\  (5-10*  weight) 
;  F.,    "Ring  expander  (feeler  gauge)* 
S'luo  towels  * 
,  4=4     Manual  '^o-^  ename  ^ 

!     ■  Pias-ttgayB 

J     'Sa^et/  g'2sses 

II  '  Pr ocaj J  rt;  '  ♦  f 
-  A     Coji  ai'  :^f^fa!  to  rnetai  surfaces  vvifH  light  £  10  vveigfit  oii  ben'q^e  assembly 


s 


Inst^i;  cra'ikshaft  m  block 


\\OTE    Wraii  .key^y  to  prevent  cuttmg  of^  seal  ''with  sharp  ^dges  ) 
C      As50;Tib;e  rod*to  pision  w^th  vvnst  pt/i- (Fig^i^s  1  and  2) 
I'GrjLJtiQrK  Be  sure  naw  lock  rings  are  in  their  groove  ) 

Dision  pin  . ,  * 


FIGUREip. 


FfGURE  2 


receSpS  m 


opposite  end  of  pTn 


piston  pin  IcJck 


needle  nose 
,  pKers 


6'17 
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JOB  -SHEET  ir7 

^'jj  v^ap  in  cylinder      '  ^  ,  >  • 

Push  'i'ly  into  tOw)  of 'cylinder  •        .  >^ 

^AV)jr;  Min  in  cyhn.der  with  piston  (Ftgufe  3J 


feelar  gauge 


piston  ring^ 


inverted  piston 
to  position 
'squarely  m  cylinder 


ring  cen^red^ 
in'  ring,traVe|  qrgd 

ch^ck'ring  end  gap  . 


^'l-3sure  obD  iVith  feeler  gauge-     »  ^ 

..10     gnufacturer  5  SD^ci^ication 


OTl  '  Gi^ip  shoiiid  be  correct  if  cylinder  was  re(^ondnioned  \^ 
r,  s^-'"  - 2 'an^  the  cbrrecj  ring^  are  being  •u'sed  )I 


''^corrc.ct  t>bsit[or,rTR!r'g"  c<jTf 


.FIQURE  4. 


FIGURE-  5 


.expander. 


ring'^ops 


.  wrist  p"in 
and  retainer 


ERIC 


JOJB  SHEET  #7 


Instai!  rod  cap,  oil  slinger  and  lock  tabs  (Figure  7) 

(Caution  *  These  must  be  in  correct  position  oV  damlg6  will  result;  check 
all  alignnnent  marks  )  % 


RE  7 


bend  uV  lock 


Tirqi/e  ro(j>  baits  to  correct  specifications 
I'nstail  -jaope^s 

■'■iOiE    They  should  be  returned  to  the  sarnie  location  as  when  removed 

i 

Jt^Stali  camshaft  and  cami  gear  (Figur^e  8) 

^(\'OTE    Align  cam  gear  and^j^rankshaft  timing  gear  marks.) 


JOB  SHEET-  #7 


Install  oil  slmger  or  oil  pump  if  engine  is  so  equipped  (FTgure  9) 

Cam  gear 


FIGURE  9 


CYU«)ER 


(NOTE   Some  engines  wH  have  a  spnng  washer  on  the  end  of  the  camshaft. 

Be  sure  this  is  in  olace  ) 

Instaf!  gasket  on  block  assembly  . 

^NiOTE*  Gaskets  are  different  thicknesses  to  establish  correct  crankshaft 

end  play  on  some  engines  ]  , 

Install  sump  L  -  ^ 

-  ■         A  ~ 

tCaut'on    Cover  keywd/  with  ta)je  to  prevent  cutting  oi!  seal  ) 

Torque  sur.-p  bolts  »  ,      ,  \ 

'^h-^c^  r;n,j  pfj^^      crankshaft  (Figure  10) 

'\OTE.  It  might  be  necessary,  to  change v gaskets  or  mstall'shims  to  get 
cDTMct  ^^'Kj^i^laY   Consult  appropriate  sefVice  manual  )  ♦ 


flGUR?  10 


I'^stal''  valves  in  correct  f)osition  ^ 
•'Otr    Do  Put  i-'i^lcjl:   >i)#tnq^  Of  keepers) 


5^. 


^     JOB  SHEET  ^7 


Check  vdives  foe  correct  clearance  using  a  feeler  gauge  (Figure  11) 

(NOTE  Gnncj  tbe  end  of  the  valve  stem  off  square  for  correct  tappet  to  * 
valve  stent-  cleurdoce.,  if  there  are  no    adjustmg  nuts  ) 


NO  LEAKAGE 


FIGURE  1  1 


nsta-t  va''^'e  sprmas  on  correct  valves  (Figure  12^^ 


CAfv'SHAn' 


f\Oit  Exhaust  surir^gs  are  usually  stronger  than  li^take  springs  Be  sure 
.'3iye  Surrey  vvasher  and  keeper  are'  positioned  correctly  ) 


FIGURE, 12 


push  spring  down 
over  valve  stem,  " 


largfe  hole  in  retainer       release  compressor 


Install  vaive  cover  and.  valve 'Cover  ga^t^et 

I 

lnsta<i  d.r  dptlector  shields 

Instaii  iMni  plunger,  sgnition  points,  and  condenser 

Vitn  points       coTPct  setting  when  points  are  fully  open 

'NOTF    C(_'i'  '^'^d  iqnition  switch  wires  should  be  ccrectly  att^hecf  to 


concJe^st  ^  pu5^ 


652 


•     JQB  SHEET  #7  ■ 

Y      Install  point  dust  cover  *  .  ^  ' 

(NOTE    Sealer  ^ould  be  m  place  where  ^grlition  and  coil  wire  enter.) 
2.     Install  flywheel  arid  flywheel  key,  wasber  and  starter  recoil  mechanism 
^    (NOTE    Torque  flywheel  nut  to  correct  spectficatioris,) 

(CAUTION    Be  sure  to  install  washer  correctly  J 
AA   Install  ccJ  assembly  setting  correct  air  gap  to  flywheel  clearance 

(NOTE    Time  coil  assembly  to  ^llywheel  if  it  is  aSjustable.) 
BB    Inbtaii  air  van-e  yovernor  assembly 

(NOTE    Th,s  nught  have  to  be  installed  along  with  coil  assembly  ) 
'  CG-   Check  cylinder  head  for  ^varpage  ^ 
DO  Jrhta^  cyli^^der  beadgasket,  cylinder  head,  and  air  deflector 

iNOTE    Place  bo'ts  tn  correct  position,  tighten  in  correct  sequence  and 

TO  correct  torque  '  ,  i 

EE  Install  shroud  and  fl/wheei  cover  and  ^uel  tank 

FF  Insta  1  carburetor  gasket   carburetor  and  governor  linkage,  and'  springs 

GG  Connect  'uei  dnrj  valve  cover  breather  tube 

HH  Install   n^U^'l^i   anrj   'ockflU [  '        •  ^ 

II  instaii  <=^nqiri-  Qf]  equipment  or  implement 

JJ  Conneet  remote-  throttle,  belts,  and  other  equipment 

K K  Fii!  crani- case  win  rv-vv  oi!  •  ' 

LL  ini>'ta!!  se;^;iced  d^f  filler  on  carBuretor 

MM  M!'  fupl  tank  yyith  fresh  fuel  ' 

NN  Ins^.cil-  ';park  plug 


G53; 
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JOB  SH£Ej;#7.  ... 

00  Turn  on  fuel  to  carburetor 

PP    Make  final  adjustments 

QQ  Have  instructor  evaluate  work    •  " 

(NOTE    Start  engine  only  after  getting  instructor's  pernrpission.. 
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-          -    -  -     TEST  «- 

Match  the  terms  on  the  right  to  the  correct  definitions 

*  a.  To       restore^  to  m'anufacturer's 

*  specifications 


b.  Wearing  or  rubbing  ^way 

c.  Bearing  constructed  with  balls,  or  rollers 
between  journal  and  bearing  surface  to 
provide  rolling  instead  of  sliding  friction 

_^d.  Alloy  of  tin,  copper,  lead,  silver^  and 
antimony  having  good  antifriction 
properties,  osed  as  a  facing  for  bearings 


e.  •  Clearance*  or  "p'av"  between  two  parts 
f    Leakage  or  -loss  of  pressure 


_^    Process  of  wearmg  into  a  desirable  fit 
new  or  reconditioned  parts 

h.  Removable  steeve  used  as  a  bearing 


operate  engine  valves  \ 

jv  Gammon  nonmetallic  element  which 
for\hs  in  combustion  chamber  of  an 
enghie  during  burning  of  'fuel  and 
lubricating  oil 

V 

Space  ^allowed  between  two  parts 

J  Series  of  weights  attached  to  or  forged 
integrally  vi^th  the  crankshaft,  placed  so 
fts  to  t)ffset  the  reciprocating  wei'ghtiof 

I     each  -piston  and  Tod  assembly     \  ^ 


•m 


connecting  rod  or  the  piston,  but  is-free 
to  turn  ^or  oscillate  in  both  ^  the 
connecting  rod  and- the  piston 


655. 


1. 

Bushing 

2.  . 
3. 

Babbit 
Camshaft 

4.  ' 

Valve  seat 

5. 

•Valve  grinding 

6,  ' 

*Press  fit 

7.  ^ 

Gasket 

8 

Valve  stem 

9. 

•  Journal 

lO 

Abrasion 

1 1. 

Valve  lappiQ^ 

12. 

Carbon 

13. 

V 

•14. 

Crankshaft 
counterbalance 

clearance  • 

15. 

Shrink  fit 

16 

Valve  macgin 

•  17. 

Running  fit 

18. 

Hone 

■  19. 
20.*^ 

Valve  face 
,  Backlash 

21. 

» 

Valve  head 
Blow-by 

4 ' ' 

d  between  two  metal 


o. 


Surfaces  to  act  as  a  seal 


Abrasive  tool  Jor  correcting  irre^ujantites, 
or  ditferencej-  m  diameter  in  cyhnder 

Difference  ia  ^  angle  between  mating 
su/faces  of 'a  valve -and  a  valve  seat 

Part,pf  ^a  shaft  or  crank  which*  rotates 
inside  a  bearing  -  * 

Term  used  to  describe  an  engine  which 
IS    using    an    excessive-  -Amount  of 
t  lubricating  oil  » 

Rocking  of  loose  fitting  piston  ,in  S 
cy{inct/Br,Tpaking  a  hoMow  belMike  sound 


t    Known  as  a'force  fit  or 'drive  fit  » 

'u    Sufficient."  clearance  has  been  allowed' 
between  the  shaft  and" journal  to  allow 
free  running  without  overheating 

V    One  surfacejidhenng  to  another  because* 
of  heat  arid  pVessure  .  , 


w 


aa 
bb 
cc 

dd 


Exceptionally  tight  fit  achieved  by 
heatifig  and/or  coohrjg  of  pSrts  ^ 

Process  of  mating  the  valve  seat  and 
valve  face  '  ^  '  ^ 

Process  ^f\efacmg  the  valve  and  seat  to 
manufacturer's  specifications  • 

Ang^e.surf^ce  of  valve  which  mates  vyith 
the  seat  to  seaf  the  chamber 

Top  of'  the  large  di^meter^  valve  end 

Space  between  valve  face^'and  head 

Long  portio*i"o1j|/alve  which/eciprocates 
m  valve;  guide 

Angle  surface  \r\  engine  block  or  Head 
which  provides  nriating'^surface  fyr  valve 
face  ^  '  ^        '  ' 

Distance^  betwe^  valve  sten^  and  tappet 
^at  lowest  tappet^  position 


• 

23. 

Overhaul 

24, 

V 

Seize 

25. 

Piston  slap 

26. 

Oil  pumping 

27. 

Interference 

* 

Jngle 

Anti-friction 

Sfearing 

29.* 

Break  in 

30. 

Floating 

piston  pin 

31 

Clearance 

• 

* 

0 

\ 

t 

•  * 

4 
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6.     '  Identify  the  parts  of  the  valve  tram. 


0 


I  7^        Demonst*rate  the  abiTity  to:     \        ^  ♦ 

a.     Disassepnble  a  four  stroke  cycle  engine 


*  ,     b'     Inspect  and  service  a  dylinder 


c      Inspeet  .and  service  the  piston,  rings,  and  connecting  roch 


St  -  28?-0 


d.  ^ns0ect  and  service  a  crankshaft  assembly.  ^ 

e.  Seotice  a  'malti-piece  crankshaft  assembly. 

f.  insdect  arid  service  a  valve  assemBly.       '*  '  *  •  ^ 

g.  Reassemole  a  ^our-stroke  cycle  engine.  ^  '  i 

(NOfE:Mf^t|e$e  aqtivi-ti^s  ^have 'not  been  accoTnplished  prior  to-tlle  test/  '  * 
.   ^"ask  your  in^ilctor'-whehf  they  ^ould^  comp+eted:)        ^  • 


1^  . 


r 


r 


•J 


7'. 
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UNIT  VII 


4,-'  •  ^ 

•  an^v^/ers"  to  test  ' 


V.  >  ^'^a      23  m     }0   -  5 


( 


J. 


A 


V 

b      10-  ^          '  .  n  7      -  \     ,         z  15 

c      28,  '           o  18        ^  aa  21 

d      2  ^  *          p  \21    :  hb  16 

e      20„'  q  9          '    ,  ccf  8 

f      22  •          '    V  .  26  dd  ,  4 

q      29  *  .s  25          •         ,     fee  14 

i-      3.  ■            u  ,   17    •  >  ' 

'|.       12"  ■  ,  '      -v  24 

31  "        ,  15 

13  *            .     X  11 


 L  . 


^4(1         a      AMov'f.'tng  dirj  \o  get  into  the  engine 


b      Failure  to  check  crankcase  oil  ievel  aften  enougf^ and  Jetting  engine  run 
'        iCTvV  on  ,  •  •  ^ 

c      Overioadmq  the  engine  so  that  it  works  too  hard       ^     •  -        *^  •  ^ 

i\    '  RunRiinq  the^  engine  too.  fast  .      ^  ■  * 

Failure!*  to  properly  store  the'  engine  during  the  off  season 

\       '  ■ 

3        *a       Land  ^  •  .  , 

.  h .    .Piston  'head  •  •  ♦      ,  * 

r        ■  •  •  ■ 


Rifiq  Side  clear^rice 
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r 


•  5 


d      Cottipressidn  and  scraper  ring  groove 

e.     Oil  rinq  groove 

f  '  *  Piston  pin  (wrist  pm) 


'q.'     Pm  hole 


h  "  Skirt  ,cledrance 

\  ^  Skirl                       ^     ^           "  ^  - 

]  .  Retaifung  ring      ^               ^        ,  ^ 

CoMfT|^iog  rocl^  bearHpg  cap     '  "  - 

'r^  ConnectThg  rod  bolts,  washers,  and  nu'ts* 

3  Mdin  bearing  journats. 

c  Counterweights 

a  Crank  wheels      •                    _  \ 

,  .  ..  .  •  ^  ■  ^ . 

b  Sprocket  sha^t                '  .           *'  ' 

C  BTear.m'g  roliers  ^anci  retainers 

(i  Lock  pSate                   ^  » 

e  PintoD  shaft               .  ,         *    -  '* 

I  Cranktjri  nuts           .           "  * 

,9/  ^Crankpin      \      •  ;    j  \ 


h  Cbn';>ecl)ag'  rods 

a  Head 

b'  '  F^jce- 

c  Valve  guide 
^  ♦  , 

d  t^alve  sprVn'g 


OVERhJAUL  TWO-STROKE  CYCLE  ENGINE 
.UNIT  Vlll  ^'^^^ 


UNIT  OBJECTIVE 


After  completion  of  tWs  unit,  the  student  should  be  able  to  match  terms  associated  with 
two-stroke  cycle  engine  overhaul  to  the  definitions.  The  student  shoi>lel  also  be  a"ble  to 
list  causes' of  engine  problems,  disasse^mblg.  inspecK  4rvice.  and  reassdhnble^a  two-stroke 
cytrle  engine.  This*  knowledge  will  be  evije^rffea  th\t^igh  demonstratioh  and  by  sr^oriTig 
eighty-five  percent  or)  the  unit  test. 


SPECIFI 


i 


OBJECTIVES 


After  completion  of  this 'unit,  the  student  should  be  able  to.  .     ^  . 

1  Match  terms  associated  with  the  overhaul  of  two-stroke  ^ycle  engines  to 
the  correct  definitions  '  *  ^   '  ' 

2  Lis-t  causes  of  two-stroke  cycle  engine  problems  ^ 

 .  ^3.        t4ent4fy  tite  ^parts  .of  Xhe  ty^io-.stroke  cycle, .piston  and^  connecting,  rpd 

•  ^  assembly       ~        '  -   -  ,  «  - 

4  "  Identify  the  parts  of  a  two  stroke  cycle  crarakshaft  'assembly 

5  'Dem(^nstrate  the  .ability  to 

a.     Disasse^nble.  inspect,  end  service  a  two-stPoke  cycle  engine. 
4  .  '  -b.     Service  a  multi-piece  crankshaft  ,  ' 

\  .    '  -    '  ■ 

c      Reassemble  aN^i^-stroke  cycle  engine  .4- 
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^UNfT  Vlll     *  ^ 


J 


^     SUGGESTED  ACTIVITIES 

Instructor      *         ,  V 

A.*    Provide  student  with  objective  sheet 


*    ^  *     B      Provide' s 

X  •    Make  transparencies 


^  B      Provide' student  wi^th  information  and  job  sheets 


D      D'scuss  unit  and  specific  objectives 
E      Discuss  information  sheet 

f      Demonstrate  jnd  discuss  the  procetlures  outlined  m  the  ]ob  Sheets, 

G      P'-ovicf'^  ;u'e  ^xdm,nles  or  ;j)stons,  connecting  rod  assemblies,  and'crankshaft 
cfsst^m'h  es  ,  ' 

H      Comparp  ove^'  du^  of  t^e     .o  sfOKe  cycie  ^ngine  v;ith  the  overhaul  of  the 
four^i^ro^e  CyC.t.  e-^qine 

1  Sho.v  integral  t/t)^  d:,(i  nu/t*  ;j;ece  craFi^sha't 

J  Give  test                            '  •     .         '  ' 

it     Student  >        '                    }^                  ^  . 

A  Read  objective  sheet 

B  S  t  u  d;y  f  n  ^  o  r  m  a  t '  o  n  s  h  e  e  t 

C  Complete  job  sheets    ^        "  /       '  ' 

D  Take  tests              *                  -  ^ 


INSTRUCTIONAL  MATERIALS 


A     Obj^ttive  sheer  ,  ^ 

B       Informatron  shget 


C      T'-ar^sparency  mast^ers 


*TM  1   Parts^  of  Pistyh  and  Conhectmy.  Rx^rj  As5enU)iy 


2        TM'2  Pcirts  of 'Cra^shaTt  Assembi 


ra||||^shaTt  Assembly 


296- D 


D,  Job  sheets      •     -  *    .  . 

r 

1.  Job  Sheet  #1--Di^asserable,  Insf5eat,  and  Service  'a  Two^Stroke 
Cycle  Engine 

2,  Job  Sheet  ^2-  Siervice  a  Multi-piece  Crankshaft 
3       Job  Sheet  ^^^3- Reassemble  a  Two-Stroke  Cycle  Engine 

E.  Te^t      <    ^  .       V       '       .  ■      ^  '  ' 
^  r  "^WSwers  \o  test    "         .       .  ^         . .  .  i 

It.    References  ^ 

A     Chilton's-Motorcycle  Repair  Manual  Radnor,  Pennsylvania' 'Chilton's  Motor 
Co/ 1975 

\B      Chilton's  ^Y^maha   Repair  and   Tune-UJj  Guide  'Radnor,  Pennsylvania 
Chiiton's  Motor  Co  ^1973 

C      Hcjr/ey-Dav/dson  Service  Manual  Sportster  XL/XLH/XLCH,  1970  to  1973 
'    Hariey  Davidson  Motjor  Co  ,  Inc  ,  1972 
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.INFORMATION  SHEET 


I     T'^rrns  and  definitions 

A      At)rasion  ^^Vearing  gr  rubbing  awa^y 


A 


B      Anti  friction   bearing-  Bearring  constructed  with  balls  or  rollers  between 
journal  and  bearing  surface  to  provide  rolling  instead -of 'sliding  friction 

C      Blow  by  Leakage  or  loss  of  pressure      ,  *    ,  ' 

D      Carbon  Comn^on  nonn^etalhc  element  wliich  formS  in  combustion  cl^ambers 
of  an  engmp  ciurtnq  [)urning  of  fuel  an3  oil  mixture 

E      Hc)[>:  ,Al2|a^ve.tooi  for  correcting  irregularities  or  differences  jn  diameter 
^         J  cylinder,  such  as  on  engine  cylinder 
t  ** 

F      T',  o  cycie  oM  Oi?  spectficali-y  for-mulated  to  be  added  to  gasolinf^  and  used 
'n  tv\o  stroke  cycle  enqirnes 

Ctiuses       t^'ostfcjke  cyci^  engine  problenis        *  \  ' 


A      Incorrect  r^ttcj  of»t^vo  cyc^e  oi!  'mixecJ  with  luiil 
B*     incorr^^ct  (yp^'tt^^oil  rliixed  with  fuel 
C      AM(/.;.n'q  clirt  to         mto  engme 
RuHf^ing  t'-^e  enq^ne  too  fast 


.E      FaiiLifp  to  ;)foperlv  store  tiie  efic^me  (J>' 


'iW^UvShe  ( 


off  season 


\     Pi*  rs  o*     -^for   v\{\  Lon'u;(.i,nfj  rod  '^sser^i^^ly  (Transparency  1) 


'4 


^  yj  ^ 
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Y  ,  INFORMATION  SHEET  - 

•  -  ^ '  ■       .. ;  '     ir  .  . 

E      Needle  bearings  '  '  ^  " 

F      Rod  cap     '    ^  \ 

r 

G     tap  screws  ^  '  .    •  ,  *) 

/  1^  ^       H     Match  .markst*       .               -   ^                ?  • 
•      ^  '  ^    ■  ^   -  

jV     Parts  of  Jhe  two  cycle  crankshaft  assembly  (Transparency  2) 


^  A  ^^'^^^^  bearing  journals 

B  •  Crankpin  (connecting  rod  tpeartng  journal) 
C  Counterweights 


*  .     ^  ,  .    .  SE  -  299-D 


PARTS  OF  PISTON 
AND  CONNHCTING  ROD  ASSEMBLY 


PARTS  OF  CRANKSHAFT  ASSEMBLY 


MAIN  BEARING 
JOURNAL 


\ 

J 


CONNECTING  ROD  . 
BEAR'ir^  JOURNAL  . 
OR  CRANKP4N 


MAIN. 
BEARING 
JOURNAL 


CCUNJERWEIGHT 


Multi-piece  crankshafts  have  various  parts 
pressed'together  under  heavy' pressure. 


,  •  S 
i         •  . 

•OVERHAUL  TWO-StROKE  CYCLE  ENGINE- 
UNIT  VIII  ,  ^ 


JOB  SHEET  =1  .DISASSEMBLE, MNSPECT,  AND  SERVICE  A 
•  TOO  STROKE  CYCLE  ENGINE     -      •     '  * 


I.  ■  Tools  jn'(!  rnateriars 

A      Hand  U)qI  assor tfWent 

8     .PistOf^  btop 

C     ^Sott'  {leaded  h.iri-ii^ier 

E      E^)tjin„^  .staf^i 

G        Ci^df '  i^^'J   sol'  r^n  r  ~ 

-  «    •■,  ♦ 

J       Dec! j^ifiq  togi 
1 1    '  ProcL^dure 

B      Rp'^x>v^i  erxj! ; snryud  c  cover 

C     ^Disconnect  i)dtttvv  leads  to  starter  ' 

D      DiscoDDe^t'e^  terrkj;  fuel  lines  *  ^ 


SE  -  303-D 
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E    ^  D  srorMiecr  e^t\>rru'ji  throttle,  shift  and  clutch  control  cables  attached  to 

F      Repid\/e  tnq'Me  from  assembly 

i 

mNOTE   On  Mtfje  oii^hodrds  tl\e  lower  unit  can  rem^tn  attached  to  the  boat; 
*  rjn  s'ndiitM  oud}r>dr(]s  it  is  often,  easiest  to  remove  the  outboard  from  the 

[)Ocit  and     fT^rwe  the  engine  on  a  work  bench  ) 

G      Mouni  ♦jnofiip  ofT  SvJitdtjie  stand 

\  . 

^     (N'OTE    'ijo'me  enuines  are  cjuite  heavy  and  should  be  lifted  with  a  winch 
fr    y      dssfstifu^^  of -f' ther  mechanics) 

f 


* 
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JOB  SHEET  #1 


■J 


H.  Remove  sparl^  piug(s) 

I.  Remove  flywheel  ;  » 

(NOTE.  Refer  to  appro(3riate  service  manual  for  sp§c«fic  pulle/s  and 
prooedures  )  ^  .  *^  ^ 

J  check,  flywheel  for  broken  cooling  fins,  damaged  ^ear  tee^h,  magnet 
^      -strength,  and  damag^^d  k^yways     ^  ^ 

(NOTE  As  a  general  rule  if  you  place  a  1/2"  socket  on  the  magAet  and 
cai^shake  the  flywheel  without  it  fallin^ff,  the  maghets  haws  si^fficierft 


• 

strength 

K 

Remove 

Remove 

'm 

Remove 

(NOTE 

N 

Remove 

-  (.NOTE 

0 

t 

Refr!c3ve 

> 

P 

Rernovp 

Q 

Remove 

(NOTE 

in  place 

R 

Remove 

(.NOTE    Sketcfj  the  hnkage  for  reassembly 


Rernovp  spark  advance  mechanism 


R      Remove  oil  seal  from'  armature  plate  (Figure  1) 


ERIC 
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JOB  SHEET  #1 


,        *Pet7K)ve  drni.ULire  plate  bearing  (Figures  2  and  3) 

iTJC'TE    li  often  help^^  to  heat  CdSing  before  refnovmy  bearings.) 


•  steel  or 
.  asbestos . 


hot  plate 


Figure 


FIGURE  3 


C!*7  ^     Mefer    {>;   dpp'^ofjriare   ser^/ice'  m^anual    for  specilic  tools  and 


FIGURE  4 


.7 


6 
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JOB  SHEET  #1 


t).    Replace  worn  bearings  in  arn-iature  plate  (Figure  S\ 
(NOTE.  Refer  to  appropriate  service  manual.) 


bearing  installer  ' 


V 

vv 

X 


FIGURE  5. 

4 


J* 
i 


Remove  carburetor  and  reed  piate  assembly 

Remov'e  cylinder  or  cylinder  head  * 

Rernove'  rod  caps  .       *  •  ' 

'  Remove  piston  assembly  .  *  ,  * 

^NOTE     Use  care  when  removing  connecting  rods  usmg  loose  needl^ 
bearings  Don't  lose  them  ar*ci-b^sgre  they  are  all  in  good  condition. Replace 
/as  necessary  )  -  *  •       •  , 

7 

(CAUTION   Avoid  liftrng-with  magnets.) 
Remove^  wrist  pm  retaining  rings  and  drive  ogf  pin 
(NOTE  'Count  needle  bearings  and  be  careful  not  to  lose'any  of  them.) 
AA   Remove  crankshaft  from  crankcase  oil  seal 
ReniQve -crankcase  oil  seal  *  * 


CC.  Reinove,   inspect,  and  replace  craf^kcase  b'earnigs  as 'needed 

DD  M^asur^  crankshaft  jbuinals  ^pd  pm 

(NOTE  Compriro  to  ffranufacturer's  specifications,  repair  or  replace  as 
'  •  necessary.)  •  .  •  ^  ' 


ERIC 
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JOB..SHEET  #1 


Measure  cylinder  at  top,  center,  and  bottom  (Frgure  6) 

* 

(NOTE'  Compare  to  manufacturer  s  specifications,  repair  or  replace  as 
necessary.)      ^  ^    »  - 


I 


\ 


FIGURE  6 


inspect  piston 

1        Measure  pin  bosses  ^  ' 

2.       Measure  skirt 

3        Check  and;scrape  pin  groove  ' 

(NOTE  Compare  these  readings  to  manufacturer's  specifications. 
Replace  as  required.) 

.  4.       Check  ring  end  gap  at  bottX)m  of  ring  travel*  (Figure  7)' 


FIGURE  7 
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OVERHAUL  TWO-STROKE  .CYCLE  ENGInE 
V  UNIT  VIII 

) 

JOB  SHEET  ^2  SERViCE  A  MULTl^PIECE- CRANKSHAFT 


J.    Tool'i  and  materrals 

A      Hand  tool  a^^ortment 
B      Dial  ■indicator 
C  •    Feeler  gauae 
.    D      V  block"    '    '  ' 

F      Hydrauhc  press 
G      Shop  tool's 
H   -  Safety  glasses 
II  Procedure 

A      Dis'dssemble  e^gir^e  lo  .e;<[)ose  crankshaft 

.      ,  I 

'^.(1\0TE    Use  dopronridte  jo8  sheet  and  service  manual 
B  .    Remove  erankshaft  assembly  from  engine 


JOB. SHEET  ^'2 


CF»eck  connecting-rod  side-^lay  (Figure -1)    :      •  *^  - 

(NOTE  ,  Vafue  in  excess  of  ma'nutacturer  s  speciticaUons  will  necessjti^e 
cksassembiV  of  tl>e  Crankshaft.)]*  .     -       .  ' 


V 


FIGURE  1 


/ 


Disassemhle  crankshaft  assenribly       ^  -  • 

1  Clean  crankshaft  assembly 

2  -  '    Place  crankshaft  in  hy^cirauhc  press 

•  /■ 

3  Press  apart*  crankshaft  assembly 

(NOTE-  S^me  crankshafts  have  expansion  plug  in  the  crank[)in 
end  arfb  h3ve  to  be  removed  before  cranksha^ft  disassembly  ) 

Rfeassamble  the  crankshaft  halves 

'     1         Press"  the^crankpin  into  one  of  the  cranksh^aft  halves  until  the 

pin  IS  flu'sh  with^the  outer  surface  of  Ihe  crankwhoel 
*         ♦                 •      •              •  * 

.2     "   Install  one  of^ho^thrdst  ^^hers  on  the  crankpinf 


.67b 


SE 
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JOB  SHEBTi  #2 


/ 


•Pack  the  becKjng  cage  wr^h  l^tu  grease  ^nd  place. a  rojier  in  each 
vvrnjdovv  pf  tiif^-cage  | 


4      \' Place  the  cage  bearing  on  the  crankpiri 

5.        Install  connecting  rQd  over  cage  bearing  and  puTt  the  other  thrust 


v^asher  on  the  crankpin 


"Using  a  strajghtedge  as  a  guide,  press  the  other  crankshaft  half 
in  un'^l  th*e  outer  surface. of  tl^e  crankwheel  is  flush  wi-tfi  the 
end  of  the  grankpin  (Figure  2) 


FIGURE  2 


Insert  ttTe  proper  feeler  gaJige  between  a  thrust  washer  and 

crarfk^yfiee''  ' 

Pre.bs  tfu;  crdftkshaft  a^s^nably  together  until  the  feeler  c^auge  is 

*a  ttqht  fir 


Altqn  crjakshaft  assembly 

V  '     Ir^tdii  crdnkshdft  assembly     a  V-btock.or  other  suitable  centering 

device'  (Figure  3) 


67f3 


FIGURE  3  . 


JOB  SHEET  #2 


2.        Mount  dipt  indicators  on  .bearing  journals  (Figure  ^ 


Rotate  crankshaft  and '  note  indicator^  readings 
/Align  shaft  so  maximum  needle  readings  are  the  same 
-a 


Pot^te  the  crank  untiP  sp/ocket  side  diaPindicator  reads  its 
maximum    '  .  p 


b 

c 
d 


Mafk  crank  wheel  in  ^ne  with  dial  indicator  plunger 

0 

Remove  crank  from  V.  bioc-k  .  , 

Tap- crankwheel  hghtlyywith  soft  face  hamm.er  at, mark 
(Figure  5)  '  ' 


FIGURE  5 


e  Remstall  m  V-block  and  recheck  readings 
f       Repeat  until  readings  are  the  same 


6&0 
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JOfe  St1E*ET»#2 


Adjjjst  for  pinch  or  spread  ^        ^  ^     •  ^ 

(MOTE:  .Mter»  the  foregoing  adjustment  the  crar^if  m'ay  still  be 
punched  oi^pread.  If  the  indicators  show  a  maximum  travel  when 
crankpin  toward  th*^  dial  indicatot,  it  is  pinched,  if  maximum 
IS  showr]  when  crafikpin  ts  away  from  indicators;  the  wheels  are 
spread.)  *  .      "  •  '  *  * 


a.     Correct  pinched  wheels* 

.IX.     ,  Remo\?e  assembly  frpm  V'-block, 


2)        Drive  wedge   between-  wheels  away   from  pirf 
,  (Figure  6) 


FIGURE  6 


3)  ^Reptaca  in  V-block^and  rechecl^  runouf 

4)  ^    Repeat  until  manufaclu-rer's  speciftrat'on^are  met 

i 

Correct  spread  wheels  *  ^ 

1)  ;      Rernovye  crankshaft  from  V-block  ^ 

2)  \      Tap  whooi's  opposite  crSnkpm  towarci  each  otfier 

{Figure  7)  .  ^   '  ^  * 


J^lGURE  7 
0 


hammer 
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JOB  SHEET  n  :    ^,     •  \ 

«'  .     •  •  '        '■  -  ■ 

3)    ,   Replace  in  V-block -and' check' runout 

I 


*        4).       Repeat  until  manufacturers  specifications  are  met 
*'6.      .Replace -expansron  piugsT  if  used* 
G.    Have  'instructor  evaluate  work  -  ^  '    '      '  * 


\ 


coo 
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OVERHAUL  TWO -STROKE.  CYCLE  ENGINf 
JOB  SHEET  #3^-  BEA^EMBLEt JWO^STROKE-  CYCLt^ENGINE  ' 


Tools  and  materials         ^^Vt?  ' 

A.  Hand  tool  assortment 

4 

B.  '  Pnston  stop       *  '      •  ^ 

C.  Special  tool  for  engme  reassembly 

D.  Piston  *rmg  compressor 

E.  Light  oil,  5-10  vveigh^t  ^ 
F  Me\^  i^askett  set  * 


G  ^  Shop  towels 


.V 


H      Engine  stand  •  . 

I     '  Safety  gtasses 

Procedure  *  *  .     .  '        ^  "    '  / 

A.  Install  crankshaft  in  craakcase  ' 

'  -       .  /  .        •  . 

(MOTE  'Ail  ifnatal  to  metal  surface  should  ^be  coated  with  2'*Gycle  oil. I 
(CAUtlON    Do  not  damage  ofTseal  (when  installing  crankshaft  )^  ' 

B.  Drive  v^^fist  pin^  through  piston  an*d  cVnn^Cjting  -rod       '  , 

^  •  '     j'  " 

(NOTE.  Install  connecting  /od  on  piston  so  as^not  to  d'^mage  needte 
hearing.)  t     '  ^     i         -  .  '^^^ 


C.     Install  wnst  pin  retainer /mgs 


^  .1/ 


(NOTE**  They  miist.  be  .installed  correctiV  or  -they-  w'lH  pop  out  during* 

'  '  operation  )  '  *     '  -      ^  * 

•       .  '    .   ,     ^     ^        ^  * 

D.     Place ,  strip -of  needle  bearings  on  crankshaft  (Figure*  1)       *   *     '  /  ■ 

•       (NOTE    If  old>needles  are  to  be'/einstallejjl  coat  them  in  petroleum  jelly ' 
%or  jd  suitable  iLHWlcanf  so  they  wilLadhefe  to  rod  and  cap.J  '  ^ 


1 


JOB-  SHEf  t  #3 


(C/VUTtON):-  Correct  pumber '^f  neecHp^beafingfe  ratst  be.instaUadLjjdjirod^^x 
and  cap;  check  this-  carefully.) 


E.  Install  Vod  on  cr^nksl^ft  journal  and  instalf  rod  cap  . 

(NOTE:  Tighten  ^d  cap  bolt^s  fmger  tight,  ie.,  just  enough  to  hold  needle  • 
bearings  m  place.)  j 

(CAUTIO^{^  Piston  will  have  a  mark  to  identif^the  top  location;  this  mu'st 
be.  installed  up.)        ...  .     '  .... 

•        ^  ■  .  \'\  ' 

F.  I»stall  cylincfer  to  crankcase  gasketv^in  correct  location 

3     Install  nng  con>presspr  oyer,  head  of  piston  and  compres,$9r  rings- 
^OTE:  Rings  'should  be  toated^  with  light  oil.  See  .Figure  2.)  ^\ 


FIGURE  2 


'G8i 


JOB  SHtET  #3 


K,     Bend  lock  tabs  to  retain  rod  capscrews  (Figure^  5f 

ti''»ii  (■  .«  ,♦ 

*■  "     (NQTE'.'  Use  new  tabs  as  necessary.) 


FIGURE  5 


L.     Torque  cylinder  to  crankcase  bqlts  ' 
?^OTE^heck'  to  be  sure  washers  are  located  in  correct  position  as  some 


M.    Install  reed  plate  and  carburetor  on  engine 

(NOTE:  Locate  gasket  correctly  on  crankcase.) 

N  ,  fnstall  armature  plate  on  crankcase  using  correct  gasket  to  Jiave 'correct 
.    crankshaft  end  play 

(NOTE  Properly  protect  seal  and  main  bearings  when  installing  armature 
plate.)  •  .  '    .  '    -  * 


0.    Tighten 'armature  to  crankcase  screws 

P.     'Che^;k  ignition  pomt  gap  :  '  * 

Q.     Install  flyweight  on  cif^nkshaft 

(NOTE:  Install  m  correctHocation  wit-h  crankshaft  keywa'y.) 


JOB  SHEET  #3 


f 


R.    Install  dust  cover 

Install  'governor  assenrbly 
T.     Install  flywheel  and  torque  flywh^l  nut  to  correct  torque 

4  * 

(N<^TE.  Flywheel. 4<ey  must  be  mstailed  correctly.  See  Figure  6.) 


Righf 


Wrong 


D. 


mokebure  key  is  installed  correctly  , 
V      'PlGUJIE  6       ^V-  • 


;# 

Install  air  baffles,  governor  4inl<age,  starter  connections,  and  shroud,  and, 
make  fuel  connegtiorfs     ^  .  . 


.V-    Install  spark  plug   '  *    -  ; 

/  . 

W.    Install  spark  plug  high  •tension  wire 

X'  Place  correct  fuel  ^d.flAA^c^cycle  oil.  mixture  1r>  fuel  tank 
Y.     Viount  engine  to  Nnplement       ■*        "      '  .  , 

Z     Make  finaf  adjustment^  ,  .  •  '  ^ 

AA.  Check  with  instructor  and  start  engine 
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OVERHAUL  TWO-STROKE-  CYCI.E  ENGINE 
'    UNIT  VIII 


.   NAME  -   —        —  -       -  - 
TEST  •  ^ 


1.  \IVIatch  the  terms  on  the  right  to  the  correct  definitions. 

 a.  Oil  specifically  formulated  to  be  added        1.  Blow-by 

to  gasoline  and  used  in  two-stroke  cycle 

engmes  '  2.  Hone 

 b.  Wearing  or  rubbing  away   /       ^       -      3.       Two'  cycle  dSP 

 c.  Abrasive  tool- for  correcting  irregulmties        4,  Abrasion 

or  ^differences  in  dianieter  in  a  cyli^tleic^^    '  '  ^ 
'  such  as  an  engine  cylinder^  5.  Anti-friction 

*         ^  .  •  bearing 

d.  Bearing<^^onstruCTBd  with»balls  of  rolters 

between ''journal  and'  bearing  surface  to        6.  Carbon 
prdvid^d^^g  instead  of  sliding  friction 

J  .     e.  Lea'Sage  or  loss  5f  pressure 

*         •  ' 

^   ^f.  Common   non^Retalffc:  element  which 

forms  In  combustion  chamljers  of  an    *  *  ^ 

engine  during  burning  of  fuel  and  oil 
.  -mixture 

2.  List  five  causes*of  two-stroke  cycle  engine  problems., 
.  a.  ,  • 

b. 

c.  •  ' 

d.  '  ^  V  ^  .  > 


■ ...    ■      .     ■  \y 
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5.  *    Demonstrafte  the  abtlky^to:  '     ^  \ 

t;     Disassemble,  inspett,  an#  service  a  tWo-stroke  cyde  engWp. 

'   -  b.     Service  a  multi-piece  crankshaft.  * 

c*    Reassemble  a  two-stroke  cycle  engine,  ^ 

I    '    (NOTE:  -If  these  activities  have  not  be6n  accomplished  prior  to  the*  test,  ask 
your  instructor  when  fhey  should  be  completed.) 
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OVERHAUL  TWQ-STROKE  CYCLE  ENGINE  " 

.  -   ■    /  *    UNIT  vni  '  ■'  ■ 


b.     4    ,  •  e.  1 

c-    2  •       f.     6  .        ,  . 

"Any  five  of  the  following.  .  *  ^ 

a.  Incorrect  ratio  of  two-cycle  oil  .mixed  with  fi^el  , 

b.  Incorrect  type  of  oi^  mixed  with  fuel  * 

c.  Allowing  dirt  to  get  into  engine  *  ' 

d.  Running  the  engine  too  fast  '         »  ' 

e.  ^Failure  to  properly  store  the  engine  during  the  off  season 
f      Overheating  of  ending 

g      Clogging  of  exhaust         ♦  »    ''"^    *  ' 

a.     Ring  groove -pin  e      Match  marks 

b      Ring  groove  -  i>r     Cap  screws 

c.      Land       •  .  g.-     Rod  cap 

d      Connecting  rod  •      h/    Needle  bearings 

a.      Mam  bearing  journals  , 

b   ^  Crankpin  (connecting  rbd  beaming  journal)  * 

c    *  Counterweights  « 

Performance  skills  evaluated  'to  the  satisfaction  of  thjB  instructor 


Q  !  » 


